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1. INTRODUCTION 

The Model 7/16 Processor combines advanced circuitry and packaging designs to give the user a price/performance 
optimized machine. The Processor is completely upward compatible with INTERDATA Model 3 and 4 Processor user 
instructions, interrupt handling, input/output formats and control sequencing. In addition, many of the powerful fea- 
tures of the INTERDATA Models 5, 70, 74 and 80 are included. Because of this compatibility, the Processor can use 
the wide range of existing software and peripheral devices. 

The Processor offers a comprehensive set of 96 instructions making the system both easy to program and efficient to 
operate. Through multi-function instructions and direct core addressing, coding and debugging time is reduced to a 
minimum. 

Memory is addressable to the eight-bit byte level. Memory is expandable from the basic 8, 192 bytes to 65, 536 bytes. 
All memory is directly addressable with the primary instructions, no paging or indirect addressing is required. Six- 
teen 16-bit General Registers can be used as Accumulators, fifteen of which can also be used as Index Registers. Regis 
ter-to-Register instructions permit operations between any of the sixteen General Registers, eliminating redundant loadr 
and stores. 

The Processor also provides a flexible Input/Output system in addition to conventional means of programmed I/O. In 
the Automatic I/O Service mode, the Processor acknoweldges all I/O interrupts and automatically performs much of 
the overhead prior to activating the Interrupt Service Routine. 

A Direct Memory Access Channel can be added to a Processor memory system. This channel operates over the com- 
mon Memory Bus, on a cycle stealing basis, through a Direct Memory Access Port which is built into the Processor. 
Two types of Direct Memory Access Channels can be used with the Model 7/16 System: The Selector Channel, which 
permits direct data transfer between any standard oriented INTERDATA device controller and memory; and the Direct 
Memory Access Channel custom designed by the user for special applications. 

2. SCOPE 

This specification is intended to enable me digital technician to understand the INTERDATA documentation system. 
Number Notation, the Part Numbering System, and the Drawing System are described. Illustrations are provided to 
help understand these systems. Other publications which may be of interest to Model 7/16 users are shown in Table 1. 

A cross reference between INTERDATA part numbers and standard industry part numbers for the ICs and transitors 
found in the Model 7/16 may be found in Appendix 1. 

TABLE 1. RELATED PUBLICATIONS 



Title 


Publication Number 


Universal Clock Instruction Manual 
Users Manual 

Model7/l6 Maintenance Manual 
Multiplexor Bus Buffer Instruction Manual 
8 Line Interrupt Module Instruction Manual 


29-265 

29-261 

29-364* 

29-267 

29-268 



*This General Description is a part of 29-364. 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



3. BLOCK DIAGRAM 

A Model 7/16 simplified block diagram is shown in Figure 1. The Model 7/16 is a 16-bit digital computer. The Pro- 
cessor logic is contained on two PC boards: 



Part No. 

35-446 
35-520 



Description 

CPU-HI 
CPU-LO 



Card File 
Position 

6 • 
7 



CORE 
MEMORY 
BLOCKS 



PROCESSOR 



I/O 
CONTROLLERS 



POWER 




Figure 1. Model 7/16 Simplified Block Diagram 
4. DOCUMENTATION 

This section describes the style and conventions used with INTERDATA documentation. 
4. 1 Number Notation 

The most common form of number notation used in INTERDATA documentation is hexadecimal notation. In this system 
groups of four binary digits are represented by a single hexadecimal digit. Table 2 lists the hexadecimal characters 
employed. 

TABLE 2. HEXADECIMAL NOTATION DATA 



Binary 


Decimal 


Hexadecimal 


Binary 


Decimal 


Hexadecimal 


Binary 


Decimal 


Hexadecimal 


0000 








0110 


6 


6 


1100 


12 


C 


0001 


1 


1 


0111 


7 


7 


1101 


13 


D 


0010 


2 


2 


1000 


8 


8 


1110 


14 


E 


0011 


3 


3 


1001 


9 


9 


1111 


15 


F 


0100 


4 


4 


1010 


10 


A 








0101 


5 


5 


1011 


11 


B 









To differentiate between decimal and hexadecimal numbers, hexadecimal numbers are preceded by the letter "X", and 
the number is enclosed in single quotation marks. Examples of hexadecimal numbers are: X'1234', X'2EC6\ X'A340\ 
X'EEFA', andX'10B9\ 
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4. 2 Part Numbering System 

INTERDATA parts, drawings, and publications employ a common numbering system. The part number and drawing 
numbers for drawings which describe the part are related. The publication number is also often related to the part 
number of the device or program described. Figure 2 she vs the format used for INTERDATA part numbers. The 
fields are described in the following paragraphs. 
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Figure 2. Part Number Format 

4. 2. 1 Category Field. The two-digit Category number indicates the broad class or category to which a part 
belongs. Typical examples of category number assignments are: 

01 - Basic Hardware Systems 13 - Panels 

02 - Basic Hardware Expansions 17 - Wire and Cables 

03 - Basic Software Systems 19 - Integrated Circuits 

04 - Software Packages 20 - Transistors 

05 - Micro-programs 27 - Peripheral Equipment 

06 - Test Programs 29 - Manuals 

07 - Subroutines of General Utility 34 - Power Supplies 

10 - Spare Parts Packages 35 - Assembled Printed Circuit Boards 

12 - Card File Assemblies 36 - Electro-Mechanical Devices 

4.2.2 Sequence Field. The Sequence number identifies a particular item within the category. Sequence num- 
bers are assigned serially, and have no other significance. 

NOTE 

The Sequence Field, like all other part number fields, may be 
lengthened as required. The field lengths shown on Figure 2 
are minimum lengths (insignificant zeros must be added to 
maintain these minimums). 

4.2.3 Functional Variation Field. The optional Functional Variation Field consists of the letter "F" followed 
by two digits. The F Field is used to distinguish between parts which are not necessarily electrically or mechanically 
equivalent, but which are described by the same set of drawings. For example, a power supply may be strapped inter- 
nally to operate on either 110 vac or 220 vac. Except for this strap, all power supplies of this type are identical. The 
strapping option is easily described by a note on the assembly and test specification drawings. Therefore, this is a 
functional variation. 

4.2.4 Manufacturing Variation Field. TKe optional Manufacturing Variation Field consists of the letter "M" 
followed by two digits. 

NOTE 

A part number must contain a Category number and a Sequence 
number. All other fields are optional. 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



The M Field is used to distinguish between parts which are electrically and mechanically equivalent (interchangeable), 
but which vary in method of manufacture. For example, if leads are welded instead of soldered on an assembly, the 
M Field changes. 

An important exception to the meaning of the M Field exists for categories related to software. Here the M Field num- 
ber, when used, indicates the form in which a particular program is presented. For example, define a program as a 
set of machine instructions. These same identical instructions may be presented on punched cards, paper tape, or 
magnetic tape; and for any of these they could be in symbolic form. Thus, there are many ways to represent the same 
identical program. These ways are identified by the M Field numbers as follows: 

M01 - Symbolic Punched Cards 

M02 - Relative Binary Punched Cards 

M03 - Absolute Binary Punched Cards 

M04 - Symbolic Magnetic Tape 

M05 - Relative Binary Magnetic Tape 

M06 - Absolute Binary Magnetic Tape 

M07 - Symbolic Punched Paper Tape 

M08 - Relative Binary Punched Paper Tape 

M09 - Absolute Binary Punched Paper Tape 

M10 - Bootstrap Binary Object Punched Paper Tape 

Mil - Read-Only- Memory (ROM) Absolute Binary Object Punched Paper Tape 

M12 - ROM Wiring and Test Set (ROMWATS) Wiring Punched Paper Tape 

M13 - ROMWATS Check Punched Paper Tape 

M14 - Eight-bit Paper Tape 

M15 - DROM Absolute Binary Object Punched Paper Tape 

M16 - Relocatable Non- Zoned Loader Format Paper Tape 

M17 - Absolute Non- Zoned Loader Format Paper Tape 

M18 - Non- Zoned Established Task Object Tape 

M19 - Source Cassette 

M20 - Object Cassette 

4.2.5 Revision Field. The optional Revision Field consists of the letter M R" followed by two digits. The R 
Field is used to indicate minor electrical or mechanical changes to a part which do not change the part's original char- 
acter. R Field changes often reflect improvements. A part with a revision level HIGHER than the one specified will 
work. A part with a revision level LOWER than specified should not be used. 

4.2.6 Drawing Field. The optional Drawing Field consists of a letter from "A" to "E" followed by two digits. 
The letter indicates the size of the original drawing. The sizes for each letter are: 

A-8|"X11" 
B - 11"X17" 
C - 17 M X22" 
D - 22 M X34" 
E - 34" X 44" 



The two digits indicate the drawing type as follows: 

01 - Parts List 

02* - Machine Details 

03 - Assembly Details 

05 - Art Details 

06 - Wire Run List 

08 - Schematic 

09 - Test Specification 

10 - Purchase Specification 

11 - Bill of Material 

12 - Information 



13 - Program Listing 

14 - Abstracts 

15 - Program Description 

16 - Operating Instructions 

17 - Program Design Specification 

18 - Flow Charts 

19 - Product Specification 

20 - Installation Specification 

21 - Maintenance Specification 

22 - Programming Specification 
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4. 2. 7 Examples. The following list provides some examples of the part numbering system. The numbers 
were arbitrarily selected, and in most cases are fictitious. 

35-060 The 60th printed-circuit board assigned a pan number under this system. 

35-060M01 A printed circuit board electrically and mechanically interchangeable with the 35-060, but differing in 
method of manufacture. 

35-060F01 A printed-circuit board not electrically and mechanically interchangeable with the 35-060, but described 
by the same set of drawings. 

35-060B01 A revised 35-060 printed-circuit board. Probably supersedes the 35-060. 

35-060A01 The 8g by 11 inch parts list for a 35-060. 

35-060B08 The 11 by 17 inch schematic for a 35-060. 

06-072 The 72nd utility program assigned a part number. 

06-072A13 An 85 by 11 inch listing of the 06-072 program. 

06-072M03 An absolute binary deck of punched cards for the 06-072 program. 

06-072A12 An 85 by 11 inch information drawing on the 06-072 program. Probably a part of the program. 

29-060 The 60th manual assigned a number under this system. Note that this number is not referenced in any 

way to the part number pf equipment described in the manual. 

4. 3 Drawing System 

This section describes the drawings provided with INTERDATA equipment. Note that drawings pro video with peripheral 
devices and other purchased items may vary from the system described in this Section. 

A digital system may be divided into a collection of functionally independent circuits such as memory, Processor, and 
I/O device controllers. These circuits may or may not be saleable units in their own right, but in the electrical sense 
they are essentially self contained and capable of performing their function with minimum dependence on other functional 
circuits in the system. Hence a functional circuit is treated as a building block. Each schematic contains a variety of 
information including type and location of discrete integrated circuits (IC's), pin connections, all interconnections within 
the schematic, connector pin numbers and connections to other schematics. Further, the schematics are drawn to re- 
flect, in an orderly fashion, all logical operations performed by the circuits. Generally, symbols used on schematics 
conform to MIL-STD-806B. 

Registers are named according to the following rules: 

1. The register mnemonic name has a maximum of three letters, excluding "I, O, Q, and Z'. 

2. Each bit in the register is numbered, usually starting at 00 on the left, or most significant position, and 
continuing to N-l on the right, where N is the number of bits in the register. 

3. The 00 bit is the Most Significant Bit and the N-l is the Least Significant Bit. 



The IC's, mounted directly on the logic board, are represented on the schematic drawings by logic symbols. Each 
symbol contains the reference designation, device part number (category and sequence), and symbol mnemonic de- 
signation. Refer to Figure 3. 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



218-0 >- 
117-0 >- 



SAME SHEET DESIGNATION 

ANOTHER SHEET DESIGNATION 

ENBLI 01 

06 



RD020 



02 



RD03I 



04 



114-0 >- 



RD06I 



5 




NAMEO 



OMI 
I2A2 
I8K4 



Figure 3. Example of a High Speed AND Gate 
The designations, numbers, and references shown in Figure 3 are: 

120 - This indicates the component location on the logic board. Figure 4 illustrates the method generally used 
to determine component location on a logic board. With the logic board oriented so that the header con- 
nectors (Conn and Conn 1) are on the right, the components are numbered from left to right starting 
in the upper left corner. That is, the first IC in the upper left corner is 01 and the first capacitor is CI. 
Test points are lettered right to left from A-Y (omitting I, O, L, E). 

19-025- The number 19 is the category number of ICs, and the 025 is the sequence number of the component. 

FIA - Indicates this component is a high speed AND gate. Some other common designations used are: 



B - Buffer HP 

G - Gate HPO 

GH - High Speed Gate P 

HB - High Speed Buffer SA 

HGO - High Speed Gate Open Collector SG 

HO - High Speed Gate, Open Collector XOR 



High Speed Power Gate 

High Speed Power Gate, Open Collector 

Power Gate 

Schotty AND Gate 

Schottky Gate 

Exclusive OR 



LI - This input lead is from area LI on the same schematic sheet. 

10 Ml. 12A2, 18K4 - Indicate outputs to another logic schematic sheet. 

218-0, 117-0, 114-0 - Indicate inputs from Connector 0. 

Note x hat the pin numbers (01, 02, 04, '05, and 06) correspond directly to the actual IC pin numbers. 

Figure 4 also shows the locations of the header connectors (Conn and Conn 1) and the cable connectors (Conn 2 and 
Conn 3). All logic boards always contain Header Connectors and 1, however, any combination (either, both, or none) 
of cable connectors (Conn 2 and Conn 3) may be provided. 
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Figure 4. Example of a Logic Board Layout 
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Wherever possible, the immediate output of a flip-flop (1 or side) will have a mnemonic name preceded by an 'F\ A 
flip-flop whose name is PSEL (Processor selected) will have an output mnemonic, on the side, FPSELO (see Figure 
5). This provides the digital technician with an indication when observing a mnemonic at the terminal end of a net, that 
the signal is the output of a flip-flop rather than a decoded function. 

Clocked devices, flip-flops and counters in particular, are drawn in a manner which indicates information concerning 
their inputs. An input which has a circle adjacent to the pin designation implies a low active signal is required to per- 
form the specified operation. In addition, an inverted V at the clock input shows that the device changes state on an 
edge. Thus, if no circle is present the chip is positive edge triggered. Refer to Figure 5 for examples. 



PSELO 




_6_ 



DS 
D I 

19-089 
HG 

> c 

DC 



XT 





D 1 

19-027 
HG 

C 













A. NEGATIVE EDGE TRIGGERED 



B. POSITIVE EDGE TRIGGERED 



C. POSITIVE LEVEL TRIGGERED 



Figure 5. Examples of Clocked Devices 
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Figure y provides the pin numbering scheme for the header and cable connectors. Header connectors always have 
2 rows of pins and 42 positions. Cable connectors always have 2 rows of pins but may vary in the number of positions. 
The number of positions may only vary in increments of five positions (10 contacts). For instance, if 24 positions are 
desired, five blocks of five positions each (25 positions) must be used. 
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Figure 6. Connector Pin Numbering 
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A net is defined as an electrical connection between two or more points in a circuit. Ordinarily, a net has an origin- 
ating end (usually a collector where the signal is generated) and one or more terminating ends. Often it is convenient 
to assign descriptive mnemonic names to nets as a way of identifying them on schematics. Whether a net is named or 
not is sometimes arbitrary. However, a net is always assigned a name if: 

1. The net is contained on one drawing sheet but is not sW/n as a complete solid line on that sheet. 

2. Part of the net appears on more than one sheet. 

3. Part of the net connects with a different schematic. 

4. Part of the net leaves a logic board. 

If a net is named, the following rules are observed. 

1. All mnemonic names are a maximum of six characters. 

2. All decimal digits and upper case letters except the letters "I, O, Q, and Z" are permitted. 

3. No other characters permitted. 

4. Where possible, mnemonics are descriptive. However, it should be recognized that descriptive names are 
not always possible and a danger of misinterpreting a mnemonic exists. 

5. Mnemonic names are not repeated within a schematic. 

6. Every mnemonic is suffixed by a state indicator. This. indicator consists of the digit "1" for the logically 
true state, or the digit "0" for the logically false state. For example, the set side of a flip-flop would 
have the "1" state indicator, while the reset side would have the "0" state indicator. The state indicator 
for a function changes each time that function is inverted. Thus, the state indicator permits assigning the 
same mnemonic to functions that are identical except for an inversion. 

Logic '0' = .4VDC or less, Logic '1' = 2.4VDC or more. 

7. When a logical function is inverted, an inversion indicator is added after the state indicator. This allows for 
functionally equivalent, but electrically different nets to have the same mnemonic name. For example, 
assume a signal NAME1. NAME1 may be inverted to produce NAMEO. If NAMEO is then inverted, NAME1A 
is produced. NAME1 and NAME1A are functionally equivalent, but physically different nets. 

Sometimes a net fans-out to many sheets in a schematic. It is also possible for a net to fan-out to sheets in different 
schematics. In these situations, the net is assigned a mnemonic name. The net is also "zoned" from sheet to sheet 
to allow for properly identifying the originating and terminating ends of the net. The originating end of a net is defined 
as the collector at which a signal is generated. All other points to which the net connects are called terminating ends. 
When a lead leaves a sheet at the originating end, it is zoned to each and every sheet on which the net reappears, by 
indicating first the page number, followed by the schematic number that contains the page. For example, assume that 
the gate shown on Figure 3 is on a schematic, sheet 20. The output, NAMEO, appears on sheets 10, 12 and IH of the 
schematic. Note that the schematic number is implied. When a net enters a sheet from another sheet, it is labeled 
with the same mnemonic name, and is zoned back to the originating end of jfhe net only. Thus, on Figure 3, the ENBL1 
may, however, have many other terminations in addition to the one shown. Generally then, when a net leaves the sheet 
where it originates, it is zoned to every other sheet where the net terminates, while the terminating end is zoned only 
to the originating sheet. Note that in the Model 7/16 schematics, signals are co-ordinated between sheets only when the 
sheets are related to the same board. When a signal leaves a board, the Back Panel Map must be used. 

When a lead leaves a logic board, it usually does so through a logic board back panel connector pin. These connector 
pins must be shown on the schematic even if the complete net is shown on one drawing sheet. Only the connector pin 
number need be indicated under the pin symbol, since the connector number itself is implied by the logic board loca- 
tion number in the logic symbol or in the footnote. Thus, on Figure 3, RD061 enters the logic board on Pin 114 of 
Header Connector 0. 

Figure 7 is a typical schematic sheet with call-outs illustrating many of the conventions described in this section. 

The schematic drawings for the basic Digital System and some of the more common expansions are commonly included 
in the rear of the appropriate Digital System Maintenance Manual. Schematic drawings for other expansions are 
included with the expansion or with the publications that describe the expansion. 
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Figure 7. Functional Schematic Format Drawing 
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APPENDIX 1 
PART NUMBER CROSS REFERENCE TABLE 



INTERDATA Part Number 

19-001 

19-002 

19-003 

19-004 

19-005 

19-006 

19-007 

19-008 

19-009 

19-010 

19-012 

19-013 

19-014 

19-015 
19-016 
19-017 
19-018 
19-019 
19-020 
19-021 
19-022 
19-023 

19-024 
19-025 
19-026 



Type 


JEDIC Number 


Dual 4 Input Nand DTL 


15861 


Triple 3 Input Nand DTL 


15863 


Quad 2 Input Nand DTL 


15849N 


Hex 1 Input Nand DTL 


15837N 


Dual Power Gate DOC 


8633N 


Dual Buffer DTL 


1582N 


Flip- Flop DTL 


15848N 


Gate Expander Dual 4 Input DTL 


15833N 


8 Bit Stack DTL 


903059 (Fairchild) 


Differential Compartor LIN 


727 10 L 


Dual 4 Input Buffer TTL 


74H40H 


Quad 2 Input Nand DTL 


15846 


Dual J-K Flip- Flop DTL 


158097N 


Hex Inverter 1 Input 


74H04H 


Quad 2 Input TTL 


74H00N 


Triple 3 Input TTL 


74H10N 


Dual 4 Input TTL 


74H20N 


Single 8 Input TTL 


MC3015 (Motorola) 


Operational Amplifier LIN 


MC1709C (Motorola) 


Quad 2 Input Power DOC 


15858N 


Dual J-K Flip-Flop TTL 


MC3061P (Motorola) 


Selected Dual Buffer 19-006 with 


15832N 


20-30 nsec. delay DTL 




Triple 3 Input AND TTL 


74H11N 


Dual 4 Input AND TTL 


74H21N 


2-2-2-3 Input AND-OR TTL 


74H52 
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INTERDATA Part Number 



T yp e 



JEDIC Number 



19-027 
19-028 
19-029 
19-030 
19-031 
19-032 

19-033 

19-034 

19-035 

19-036 

19-037 

19-038 

19-039 

19-040 

19-041 

19-042 

19-043 

19-044 

19-045 

19-046 

19-047 

19-048 

19-050 

19-051 

19-055 

19-056 

19-057 

19-058 

19-059 

19-060 



4 Bit Latch TTL 

4 Bit Adder TTL 

Quad Exclusive - OR TTL 

4 Bit Shift Register TTL 

One Shot TTL 

1 out of 10 Decoder TOC 

Sense Amplifier LIN 

Retriggerable One Shot TTL 

4 Bit Counter TTL 

Quad 2 Input Open Collector TTL 

High Performance Operational Amp 

Dual 4 line to 1 line Mux TTL 

4 Bit ALU TTL 

Look Ahead Carry TTL 

4x4 Register Stack TTL 

Dual Retriggerable One Shot TTL 

Quad 2 Input Open Collector TTI 

Hex- Inverter Open Collector TTL 

Dual J-K Flip- Flop TTL 

Quad RS-232C Line Driver 

Quad RS-232C Line Receiver 

8 Bit Shifter 

8 Input Nand TTL 

1024 Bit PROM TTL 

Quad 2 Input Nand STTL 

Quad 2 Input Nand Open Collector STTL 

Hex 1 Input Inverter STTL 

Triple 3 Input Nand STTL 

Triple 3 Input AND STTL 

Dual 4 Input Nand STTL 



7475N 
748 3'N 
7486N 
7495N 

7412N 

74145N 

5445 

7445 

7524N 

74122N 

74193N 

7438N 

7748393 (Fairchild) 

74153 

74181 

74182 

74170 

74123N 

74H01N 

74H05N 

74H106 

MC1488L (Motorola) 

MC1489AL (Motorola) 

74198N 

74H30 

74187 (Fairchild) 

74S00 

74S03 

74S04 

74S10 

74S11 

74S20 
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INTERDATA Part Number 



_IZP§_ 



JEDIC Number 



19-061 

19-062 

19-063 

19-064 

19-065 

19-066 

19-067 

19-068 

19-069 

19-070 

19-071 

19-072 

19-073 

19-074 

19-075 

19-076 

19-077 

19-078 

19-080 

19-081 

19-082 

19-083 
19-085 

19-086 
19-087 
19-088 
19-089 
19-090 

19-091 



Dual 4 Input Buffer STTL 

2-2-3-4 Input AND-OR Inverter STTL 

Dual D Edge Triggered Flip-Flop STTL 

Dual J-K Flip-Flop STTL 

Quad 2:1 Max Non-inverting STTL 

Quad 2:1 Mux Inverting STTL 

4 Bit ALU STTL 

Carry Look Ahead STTL 

8 line to 1 line Mux STTL 

4 Bit Syncronous Counter TTL 

Quad D Edge Triggered Flip-Flop 

4 Bit Left/Right Shift Register TTL 

Dual 4:1 Mux Tri-State TTL 

8 Bit Priority Encoder TTL 
16 x 4 Register Stack TTL 
1024 Bit Memory MOS 

256 Bit Memory TTL 

Dual 4 Input Nand-OC 

High-Speed PROM 

Univ. Asynchronous Receiver /Transmit- 
ters 

2-2-3-4 Input AND-OR Invert Open 
Collector STTL 

9 Bit Parity Generator/Checker STTL 
Monolithic Timing Circuit 

741 C DIP Operational Amplifier 

747 DIP Operational Amplifier 

737 C DIP Operational Amplifier 

Dual D Edge Triggered Flip-Flop 

High Speed (710) Differential Compara- 
tor DIP 

Retriggerable Single One Shot 



74S40 

74S64 

74S74 

74S112 

74S157 

74S158 

74S181 

74S182 

74151 

74161 

74175 

74194 

8214 (National) 

9318 (Fairchild) 

3101A (Intel) 

TM54062 

6531 (Monolithic Memories) 

74S22 

82S29 (Signetics) 

TR1042A (Western Digital) 

74S65 

82S62 (Signetics) 

MC1555 (Motorola) 
NE555V (Signetics) 

U6A7741393 (Fairchild) 

U7A774 (Fairchild) 

U6A773393 (Fairchild) 

74H74 

U6A771093 (Fiarchild) 

9600 (Fairchild) 
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INTERDATA Part Number 



lYE? 



JEDIC Number 



19-092 
19-093 
19-094 

19-095 
19-096 

19-097 
19-098 
19-099 
19-100 
19-101 
19-102 
19-103 
19-104 
20-001 
20-002 
20-003 
20-004 
20-006 

20-007 
20-008 
20-009 

20-010 
20-011 
20-012 
20-013 
20-014 
20-015 

20-01G 
?0-017 



Negative Voltages Regulator 
Positive Voltages Regulator 
Voltage Regulator 

Linear Positive Voltage Regulator 

First In-First Out Serial Memory 
C-4 Word 4 Bit 

Amplifier 

Quad 2:1 Multiplexor Non-Inverting 

Dual Sense Amplifier 

Driver 

4-2 Input Buffer 

6-1 Input Buffer OC 

1 out of 10 Decoder 

Current Switch 

Transistor NPN High Speed Switch 

Transistor PNP 500 MA 

Transistor 

Transistor NPN 

Transistor NPN 15 Amps 100W T03 
case 

Transistor NPN 3 Amps 

Transistor PNP 3 Amps 

Transistor Triac 2 Amps 100 V 

Transistor NPN 500 MA Code Driver 

Transistor Photo 

Transistor PNP High Current Switch 

Transistor NPN 

Transistor NPN 

Transistor PNP 

Transistor PNP 
Transistor NPN 



MC1463R (Motorola) 

MC1469R (Motorola) 

U6A7723393 (Fairchild) 
MC1723CL (Motorola) 

U9H7805393 (Fairchild) 

3341 (Fairchild) 

LH0002H (National) 

74157 

75234N 

75452N 

7437N 

7407N 

7442N 

75325N 

2N3646 

MPS6534 (Motorola) 

2N3902 

2N5189 

2N3055 (RCA) 

TIP31A 

TIP32A 

A03001 (Electronic Control 
Corp). 

2N5845 

2N5777 

2N2907 

2N3303 

2N4238 

2N4235 

2N3740 
2N3766 
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INTERDATA Part Number 



Type 
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20-018 

20-019 

20-020 

20-021 

20-022 

20-023 

20-024 

21-025F01 

21-025F02 

21-025F03 

23-001 

23-002 

23-003 

23-004 

23-007 

23-008 

23-009 

23-010 

23-011 

23-012 

23-013 

23-014 

23-015 

23-016 

23-017 

23-018 

23-019 

23-020 

23-021 

23-022 

23-023 



Transistor, Power Silicon NPN 

Transistor NPN Fast PWR Switch 

Transistor Switching 1 Amp T05 can 

Transistor NPN Silicon 

Transistor NPN 

Transistor PNP 

Transistor Switch 

IK ohm- 15 to Common DIP 

470 ohm- 15 to Common DIP 

330 ohm- 15 to Common DIP 

Diode High Speed-High Current 

Diode 5.1V Zener 

Diode 10V Zener 

Diode 6. 2 V Zener 

Diode Mot Bridge 

Diode Int. Rectifier 

Diode 

Diode Int. Rectifier 

Diode Rectifier 

Diode Thermister 

Diode 9. 4V 

Diode 

Diode 

Diode Bridge Recitifer 

Diode 

Diode 18 V Zener 

Diode 

Diode 8. 2V Zener 

Diode 9. 1 V Zener 

Diode 3. 3V Zener 

Diode Bridge Rectifier 



2N3054 

2N6308 (Motorola) 

2N3725 

MPS3646 (Motorola) 

1N1711 

2N2905A 

2N3776 

898-1-1K ohm (Beckman) 

898-1-470 ohm (Beckman) 

898-1-330 ohm (Beckman) 

IN 9 14 

1M5. 1ZS5 (Motorola) 

1M10ZS5 (Motorola) 

1M6. 2ZS5 (Motorola) 

MDA962-2 (Motorola) 

40HF-5R 

1N4735 

S1Y1P 

2N681 

KA31J1 (Fenwall) 

1N2163 

1N3880 

1N3889 

VS448 (Varo) 

1N2070 

1N4746A 

1N3615 

1N756A 

1N757A 

1N746A 

KBH2506 (General Instrument) 



Aj -5 



INTEPDATA Part Number 



T .yp c 



JEDIC Number 



23-024 

23-025 

23-026 

23-027 

23-028 

23-029 

23-030 

23-031 

23-032 

23-033 

30-018 

30-019 



Diode, Power Fast Pec. 30 Amps. 

Diode, Power Past Pvec. 3 Amps. 

Triac 600V 30 Amps 

Diac 32V 

Power SCR Thyristor 

Diode 

Diode 

Diode 6.6 V Zener 

Diode 8. 8 V Zener 

16 Diode Array 

100 nsec. Delay Line 10 taps 

50 nsec. Delay Line 10 taps 



1N3909 

A115A (General Electric) 

2N6162 

1N5761 

2N4441 

1N4607 

1N4156 

1N4736 

1N4739 

45190 (Litton) 

30-018 (Princeton Advanced 
Eng. ) 

30-018 (Princeton Advanced 
Eng.) 
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M71- SERIES 

MODEL 7/16 

INSTALLATION SPECIFICATION 



1. INTRODUCTION- 

The INTERDATA Model 7/16 Digital System features a highly modular structure which permits configurations to suit 
the user's exact needs. It provides the means for convenient expansion as the user's requirements grow. This docu- 
ment describes the Processor and System Expansion Chassis, Power Supply Mounting. Filler and Display Panel mows - 
ing, and the interconnecting cables. Printed circuit boards are discussed with respect to cabling and location only. 
Circuit descriptions of these boards are provided in the appropriate maintenance or instruction manuals. Note that the 
following discussion assumes that the equipment is mounted in standard INTERDATA cabinets. In addition, this specif - 
cation covers the installation of the Basic Switch Control Panel and Model 7/16 Memory. 

2. MECHANICAL COMPONENTS ■• 

This section is intended to familiarize the reader with the mechanical components that are discussed here (i.e. , Cabinet 
Uprights, Chassis Support Rails, Filler Panels). Figures 4 through 8 provide the dimensions and mounting configura- 
tions for the Rack, Chassis Support Rails, and Filler/Display Panels. Note in Figure 8, that while 3 1/4", 7", and 
10 1/2" Filler Panels and the Display Panel mount the same way (via retaining brackets), the smaller 1 3/4" Filler 
Panel mounts with spring clips. 

3. POWER SUPPLY MOUNTING 

The Power Supply mounts in the rear of the cabinet, behind the Processor or Expansion Chassis. It is attached to the 
right mounting upright (looking from rear). Either of two Power Supplies may be supplied with the Model 7/16 System. 

WARNING 

Before hinging out the power supplies, the rack 
levelling feet should be lowered. After the levellers 
are in contact with the floor surface, up to three 
power supplies may be hinged out at one time. 

34-017 and 34-020 Power Supplies. The 34-017 and 34-020 supplies attach to the mounting upright via four 10-32 
X 1/2 Lg PHPS screws. See Figure 9. 

When either power supply is in the installed operating position, it is secured to the left rear upright by two 10-32 screv s. 
The power supply cable connects to terminal lugs at the right rear (looking from rear) of its respective Processor or 
Expansion Chassis via faston lugs and a connector for fan AC power. Refer to Figure 10. There is adequate slack 
provided in the cable to allow the Power Supply to hinge out freely. In order to prevent the cable from being pinched 
between the Power Supply and the Chassis Support Rails, a service loop is required. A maximum of five power supplie i 
may be mounted in one rack. 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



;>. 1 Now Power Supply 

INTERDATA now has several new Power Supplies available for use with its line of digital systems. These supplies 
are manufactured by INTERDATA, and may replace those previously used. This section provides information on 
these new supplies, and on several associated changes to INTERDATA systems. 

There were three power supplies available: 

Model Number 34-012 Power Supply. The 34-012 is the original power supply. This unit has a transformer 
that always supplies 115V for fan power at both 115V and 230V strappings. It supplies chassis fan power with 
a male connector (now discontinued). 

Model Number 34-017 Power Supply. The 34-017 is the 25 ampere version of the INTERDATA supply. This unit 
supplies 115V or 230V depending on AC source for fan power. Chassis fan power is supplied with a U. L. approved 

female connector. 

Model Number 34-020 Power Supply. The 34-020 is the 50 ampere version of the INTERDATA supply. The fan 
power consideration and the output connector are the same as for the 34-017 unit. 

Two types of fan jumper cables are provided. Cable 17-181 is wired with two male connectors, while cable 17-287 
is wired with one male and one female connector. 

Because the newer power supplies supply line power for the fans, it is necessary to re-wire the fans in the 
chassis to operate with 230VAC. The New Chassis provides an AC power switch for switching fan power to 
either voltage. When using the newer supplies (34-017 or 34-020) with the former chassis, only 115V opera- 
tion is possible, unless the chassis is modified. 



3.2 Configuration Data 
he 34-iij... ^ay be replaced in the following ways. 



25 AMP 


34-012 (1 each) 


Replaced by 34-017 (1 each) 


50 AMP 


34-01? (.? each) 


Replaced by 34-020 (1 each) 



The following paragraphs outline the factors involved in using different combinations of chassis, power supplies, and 
cables. 

1. The 34-012 with the "Former Chassis''. 

This unit is used for 115/230V operation. The 'Former Chassis" (1 or 2 fan) is wired for 115V operation 
and equipped with two female connectors for fan power. Refer to Figure 1. 




POWER 

SUPPLY 

34-012 



M C 
A O 
L N 
E N 







Figure 1. Former Chassis 
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2. The 34-012 Power Supply with a "New Chassis". 

This unit is used for 115/230V operation, however, the 115/230V fan switch on the "n.*w «-has^- ™„i > 
main in the 115V position for 115V or 230V operation. If two or more "new chassis" aro .,,m*>rpri «.*»,.■ 
fan jumper cable, 17-181, must be replaced by cabl* 17-287. 

NOTE 

The "new chassis" (1 or 2 fan) is wired for 115 /230V 'fan 
operation and equipped with one male and one female con- 
nector for fan power. See Figure 2. 




M C 
A 
L N 
E N. 



J 



POWER 
SUPPLY 
34-012 



MALE 



FEMALE 



115V POS 



'30 V PO. c 



Figure 2. New Chassis 

3. The 34-017 Power Supply with a "New Chassis". 

This unit is used for 115/230V operation, however, the 115/230V fan switch <<n ?h- ■•!,,■«■ .••,;:, 
matched with the 115V or 230V strapping in the Power Supply. 

4. The 34-017 Power Supply with a "Former Chassis". 

This unit is used for 115V operation (ONLY) using caole 17-181. 

NOTE 

The "former chassis" must be rewired for 230V operation. 
Kits 39-020F01 (1 fan) and 39-020F02 (2 fans) must be used 
to convert a chassis wired for 115V to 115/230V fan operation. 

3.3 Exhaust Fans 

New exhaust fan plates are equipped with a switch to provide either 115 or 230VAC operation. Hee tinn 




o 

115V 

o 



Figure 3. Fan Switch Setting 



This information is proprietary and is supplied by INTER DATA for the sole 
purpose of using and maintaining (NTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized In writing. 



I jp CQp 



HOiVN FOB 
230 VAC 



WARNING 

All AC fan connectors on Power Supplies which are not con- 
nected to mating receptacles MUST remain covered or short- 
ing may occur. See Figure 4. 



34-012 




34-017 





COVER 
26-091 




COVER 
29-092 



Figure 4. Fan Connector Caps 
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4. PROCESSOR AND EXPANSION CHASSIS MOUNTING 

Two Expansion Chassis (10 inch and 15 inch) are available for expanding the Model 7/16 Digital System. The (15 inch) 
Expansion Chassis has the same over-all dimensions as the Processor Chassis. See Section 8 on Configuration. 

The Expansion or Processor Chassis slides into the rack on the two Chassis support rails (see Figures 6 and 7) from 
the front of the rack. 

CAUTION 

No chassis should be mounted in cantilever fashion. 
Chassis support rails MUST be used. If a rack cabinet 
other than an INTERDATA cabinet is used, consult rack 
manufacturer for proper support rails. 

The chassis support rails are fastened to the mounting uprights at the front and rear of the rack. Slots are provided in 
the rails to allow vertical adjustment. The Expansion or Processor Chassis are screwed in place at the mounting up- 
rights in front of the rack. All Expansion Chassis mount below the Processor Chassis. Expansion Chassis cabling is 
discussed later in this document. Figure 11 shows Expansion Chassis location with respect to the filler panel and power 
supply. 



PERFORATED TOP- 60% OPEN AREA 



REAR DOOR 



MTG. UPRIGHTS 
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SEE FIGURE 2 
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BASIC RACK FRAME 



THRU HOLES FOR 
BOLTING ADJACENT 
STRUCTURES 



CASTERS 8 LEVELERS 
UNDER BASE OF RACK 

REMOVABLE COVER PLATE 
FOR "RAISED FLOOR" 
CABLE ROUTING 



FRONT VIEW 



Figure 5. Basic Cabinet 
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SECTION A-A 



UPRIGHTS: 1/8 THK CRS, TAPPED 
WITH 10-32 HOLES ON 
RETMA £5/8 -5/8 1/2 



SUPPORT RAILS 



1/8 THK CRS WITH 
SLOTS FOR VERT 
ADJUSTMENT 



RAILS ARE NOT SUPPLIED WITH 
BASIC SYSTEMS CABINET 



WEIGHT 300 



FINISH 



BLACK TEXTURES 
VINYL PAINT 



UPRIGHTS 

SUPPORT 

RAILS 



CHROMATE 
CONVERSION 



OPEN AREA IN REAR 
OF RACK IS USED FOR MTG 
OF "FUSED A. C." CONVENIENCE 
MODULE AND I/O CONNECTOR PANEL 



FLOOR LEVEL 



2-1/8 



Fig-are 6. Basic Cabinet Physical Dimensions 
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tinq. 




2 SLOTS 1/4 W X 1-1/4 LG FOR 
VERT. ADJUSTMENT 



CHASSIS SUPPORT RAIL 



Figure 7. Chassis Support Rail 





METHOD. USED TO MOUNT 
1-3/4" FILLER PANEL 



ILLER Pi 

a 

DISPLAY PANEL 



SPACER (2) 
RETAINING BRACKET (2) 

NO. 10 FLAT WASH. (4) 
NO. 10 SPLIT LOCK. (4) 

NO. 10-32 X 3/8 LG PHPS (4) 



Figure 8. Typical Mounting Configuration for Display and Filler Panels 



I This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTEROATA supplied equipment and shall 
not be used for any other purposr unless specifically authorized in writing 



% 



D 




NO. 10-32 X 1/2 P.H.P.S 
NO. 10 SPLIT LOCK 
NO. 10 FLAT WASHER 



Fig-are 9. 34-017 and 34-020 Power Supply Mounting 
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Rear View 




ONE 7"FILLER 
IF EXPANSION 
CHASSIS 



TERMINAL LUGS 
FOR DISPLAY, 
AUTOLOADER, AND 
BASIC SWITCH 
CONTROL PANEL 




CPU-LO 35-520 



CPU-HI 35-446 



|8t 8KB MEMORY 



MEMORY VT 
ADJUSTMENT 



■MATING CONNECT FOR 
TEST AID LOGIC CARD 



MATING CONNECTOR FOR DISPLAY, 
AUTO LOADER, AND BASIC SWITCH 
CONTROL CABLES 



DISPLAY MOUNTING 
BRACKET 



1-3/4" FILLER 
PANEL 
MOUNTING STUD 




Front View 
Figure 10. View of the Processor and 15 Inch Expansion Chassis 



HINGE SIDE 



AIR FLOW 




REAR MTG SURFACE 



FRONT MTG SURFACE 



Figure 11. Processor or Expansion Chassis Location 
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4. 1 15 Inch Expansion Chassis 

The 15 inch Expansion Chassis contains eight universal expansion slots which can accept combinations of memory mod- 
ules, single board peripheral controllers, system modules, Selector Channel, or user designed interfaces. Included 
with this chassis are the cooling fans and interconnecting cables. The chassis may be ordered with or without a power 
supply. 

4. l. 1 7 and 1 Inch Boards in a 1 5 Inch Chassis . A 10 inch I/O Controller (provided it docs not use Connector 1) 
may be inserted in a 15 inch chassis via the 02-234 I/O Adapter Kit (see Figure 8). One or two 7 inch boards (half 
boards) may be inserted into a 15" chassis via the 16-398 Half Board Adapter Kit (see Figure 13). The Half Board Adap- 
ter Kit may hold two active 7" boards or one active and one blank 7" board, depending on requirements. No wiring 
takes place between the boards and the adapters. The adapters are designed such that the connectors on the boards plug 
directly into the Expansion Chassis. 




Figure 12. 02-234 I/O Adapter (Top View) 



[H 



HALF BOARD 



E 



3 



HALF BOARD 



£*■ 



■& 



CABLE EXIT PATH 
(TO 1/0 PANEL OR 
DEVICE) ON RIGHT 
SIDE OF CHASSIS 



Figure 13. 16-398 Half Board Adapter 
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4. 2 10 Inch Expansion Chassis 

The 10 inch Expansion Chassis contains six 10 inch I/O expansion slots which can accept any combination of up to six 
10 inch wire-wrap or copper peripheral controllers, syst. ms, modules, or user designed interfaces. Included with 
the chassis are the cooling fans and system interconnecting cables. The Power Supply is separate. 

5. DISPLAY PANEL INSTALLATION 

The optional Model 7/16 Hexadecimal Display Panel is electrically tied to the Processor via one connector and seven 
Faston lugs. The connector is installed on Connector 3 of the CPU-LO board (35-520) and the seven terminal lugs 
mate into a terminal strip on the left side of the Processor Chassis. The terminal lugs are identified at the Faston 
connector and are mated to their corresponding terminal pin (CI, C2, etc.) on the chassis. See Figure 10. 

The Hexadecimal Display Panel is physically mounted to the brackets provided on the Processor Chassis. The 1 3/4 
inch Filler Panel is mounted directly below the Hexadecimal Display Panel on this same chassis, "efer to Figure 10. 

6. BASIC SWITCH CONTROL PANEL INSTALLATION 

The Basic Switch Control Panel is connected to the Processor in the same manner as the Hexadecimal Display Panel 
discussed above. Only two Faston connectors are provided with this assembly, but their installation is the same. 

The Panel on which the switches are installed may be mounted to the chassis uprights with standard 10-32 hardware. 
This panel is intended to mount behind a door or filler "panel to prevent easy accessibility when the system is running. 
The Hexadecimal Display Panel option, the Automatic Loader option, and the Basic Switch Control Panel option may 
not be installed together on the same Processor. 

7. MEMORY INSTALLATION AND EXPANSION 

The first Model 7/16 memory module must be installed in Slot 5 of the Processor card file. Further memory expan- 
sions are installed in adjacent slots in this chassis. Slots and 1 of the Processor Chassis must not be used for mem- 
ory if the system includes more than six-8KB memory modules. These slots may be used for I/O controllers or Slot 
may be used for a Selector Channel. For systems with more than six-8KB memory modules the fifth memory mod- 
ule must be installed in Slot 7 of the first expansion chassis. This is necessary to insure proper temperature track- 
ing characteristics for the memory voltages from the Expansion Chassis Power Supply. The additional modules are 
then installed in one of the slots prewired to accept that module. Refer to the Configuration Data Sheet, Figure 14, 
for module assignments. When memory is installed in an expansion chassis, the IK ohm resistor between TEMA and 
TEMB at the back panel must be removed. If for any reason the memory module installed in Slot 7 is removed (see 
Figure 10), the resistor must be replaced before applying power. A strap option located on the Model 7/16 CPU-HI 
(35-446) is used to indicate to the Processor whether the system has parity in non-parity memories. See 35-446E03 
component locator. Strap M to N for non-parity and Strap L to M for parity memory. 

NOTE 
Parity and non-parity memories may not be mixed in a system. 

8. PRIMARY POWER FAIL/AUTO-RESTART INSTALLATION 

Install the logic card (35-448) for the Primary Power Fail/Auto-Restart option on the back panel of the CPU chassis 
at Slot 6, Connector with the apparatus side up. The cables (17-182F01 and 17-182F02), which supply 12 VAC to 
the logic card, connect between CI on the logic card and CI on the back panel and C3 on the logic card and C3 on the 
back panel as indicated on the cables. On the CPU-HI board (35-446) remove the jumper between J and K and add a 
jumper between H and K. (These letters refer to designations on the component locator, 35-446E03 only. ) 

9. CONFIGURATION 

9.1 System Expansion Chassis 
When configuring a multi-chassis system there are four rules that must be followed: 

1. The system Expansion Chassis must be mounted below the basic Processor Chassis. 

2. All chassis must be contiguous. 

3. All 15 inch system expansion chassis must be mounted above any 10 inch system Expansion Chassis. 

4. Multiboard peripheral device controllers (on 10 inch circuit boards) can only be used in the 10 inch system 
Expansion Chassis. 

This information is proprietary and is supplied by INTERDATA for the sole 
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0.2 Circuit Board Distribution 

Model 7/16 Digital Systems may be configured in a variety of wavs. However, the following [actors must be considered 
when determining circuit board distribution within the basic Processor and the system Expansion Chassis. See Figure 14, 

1. The Selector Channel can be placed in Slot or Slot 2 of the Processor Chassis, or Slots 6, 4, 2, or 
of the system Expansion Chassis. 

2. All slots on Connector 1 below the position where the SELCH is inserted become SELCH Bus slots. (This 
only applies within the chassis containing the SELCH. ) The SELCH Bus extends down the left side connec- 
tors (front view). Note that all device controllers on 10" adapter boards connect to the Multiplexor Bus 
from the right side connectors (front view). Therefore, these device controllers may be inserted in vacant 
SELCH Bus slots, but will not be on the SELCH Bus. This also applies to all 7" boards on adapters, in- 
stalled on the right side. 

3. The SELCH Bus can be extended by cable to any even numbered slot in an I/O chassis adjacent to the chas- 
sis containing the SELCH controller. 

4. All device addresses are hard-wired on the device controller cards, (device addresses may be changed at 
option) so that the distribution or I/O device controllers in the chassis normally need only be considered as 
a matter of priority in the HACK0/TACK0 "daisy-chain" and convenience. 

5. Slots 5, 4, 3, 2, 1, and of the Processor Chassis and all slots of the universal Expansion Chassis are pre- 
wired with memory module addresses for up to 64KB. It is mandatory that Slot 5 of the Processor Chassis 
be used for memory. If memory is installed in an Expansion Chassis it is mandatory that one module is in- 
stalled in Slot 7. 

6. The 15 inch system Expansion Chassis, and the basic Processor Chassis may only be used for single board 
I/O device controllers unless the interconnection between boards takes place via cables installed on the outer 
edge of the board. For multi-board 10 inch device controllers, the 10 inch system Expansion Chassis must 
be used. 

7. Priority is established by the physical placement within a chassis. Priority for interrupt driven devices 
should normally be established in order of descending speed, i.e. , drum higher than magnetic tape,' and card 
reader higher than a paper tape reader, etc. 

INTERDATA Configuration Data Sheet B, Figure 14, indicates possible circuit board distribution in the basic Processor 
and System Expansion Chassis. 

9. 3 Back Panel Wiring 

The Acknowledge Control line from the Processor carries the Interrupt Acknowledge (ACK) signal. This line breaks 
up into a series of short lines to form the "daisy-chain" priority system. The ACK signal must pass through every con- 
troller that is equipped with Interrupt Control circuits. Refer to Figure 14 to determine order of priority. 

Back panel wiring for interrupt control at a given position is: The Received ACK (RACKO) at Pin 122-1 and the Trans- 
mitted ACK (TACKO) at Pin 222-1. The daisy-chain bus is formed by a series of isolated lines which connect Terminal 
222-1 of a given position to Terminal 122-1 of the next position (lower priority). On unequipped positions, a jumper 
shorts 122-1 and 222-1 of the same connector to complete the bus. Back panels are wired with jumpers on all positions. 
Whenever a card chassis position is equipped with a controller, the jumper from 122-1 and 222-1 must be removed from 
the back panel at that position. 

For controllers that occupy several positions, the jumper is removed only at the position where the controller board 
has ATN/ACK circuits. For details on the various devices, see the appropriate installation specification. 

9.4 System Configuration 
System configuration data is provided in the User's Manual, Publication Number 29-261. 
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9. ::> Terminators 

The termination end of both legs, Connector and 1, of the Multiplexor Bus must have a standard INTERDATA termi- 
nation card (35-433) installed. These cards arc installed, on V -o back panel at the lowest numbered slot of both con- 
nectors on the Multiplexor Bus that exists, e. g. , If a Selector Channel or bus buffer is installed in Slot 4 on the first 
expansion chassis and only the Processor Chassis and one Expansion Chassis is used in the system, the Multiplexor 
Bus must be terminated at Slot 0, Connector 0, and Slot 5, Connector 1 of the Expansion Chassis. In addition, the 
buffered bus or the SELCH Bus should be terminated at Slot 0, Connector 1 of this chassis. 

Depending upon system configuration, any SELCH Bus or buffered bus may be terminated by a 15" Terminator (35-433) 
or a 10'' Terminator (35-434). The choice of terminators depends on the type of chassis in which the last slot of the bus 
is present. 

10. CABLES 

10. 1 Power Cables 

The standard INTERDATA Cabinet is wired for 30 Ampere service. On the main power cable (part of the AC Distribution 
Panel), the 30 Ampere UL plug is a three wire, twist lock, grounding 125 volt V (Hubbell #2611 or equivalent) connector. 
A 30 Ampere, 125 VAC receptacle (Hubbell #2610 or equivalent) is required to accept this plug. INTERDATA also offers 
20 Ampere service with a 20 Ampere UL plug (Hubbell #5364 or equivalent) having one blade perpendicular to the other 
two blades. A three wire, grounding 20 Ampere 125 VAC receptacle (Hubbell #5362 or equivalent) is required to accept 
this plug. 

10. 2 System Expansion Cable 

A number of standard cables are available for configuring systems made up of the INTERDATA Expansion Chassis dis- 
cussed in Section 4. The choice of cables is dependent upon system configuration. The following cables are available: 

1. 17-162 and 17-163: I/O and Memory Expansion Cables (see note) 

The 17-162 cable is used to connect the "0" connector field and the 17-163 cable is used to connect the "1" connector 
field from the Processor to the corresponding connector in the first 15 inch expansion file. The expansion file must be 
mounted immediately below the basic Processor as these cables contain the memory bus which is restricted to the first 
15 inch expansion only. 

These cables are always used in pairs. 

2. 17-193: I/O Expansion Cable, Connector "0" 

This cable is used to connect the "0" connector field between two adjacent 15" card files. 

3. 17-194: I/O Expansion Cable (see note) 

This cable is used to connect the "1" connector I/O fields between two adjacent 15" card files. 

4. 17-216: I/O Expansion Cable, 36 Inch Long 

This is a 36" long cable. It can be used to connect two 15" files that arc not adjacent. 
It must not be used to extend the basic Processor Mutiplexor Bus. 

It can be used to extend a buffered bus or a SELCII Bus. It plugs into a "1" side connector. The "receiving" end 
can plug into the "0" or "1" side of the expansion file. 

5. 17-214: 15" to 10" Expansion Cable 

This cable is used to connect the "0" connector field of a 15" card file to a lower adjacent 10" card file. It provides an 
8 bit I/O bus to the 10" card file. 
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6. 17-166: 15" to 10" I/O Expansion Cable, 36 Inch Long 

This cable is used to connect the "1" side of a 15" expansion file to a 10" expansion file. It provides an 8 bit I/O bus tc 
a 10" card file. 

It must not be connected to the basic CPU Multiplexor Bus. 

It may be driven either by a Selector Channel or a bus buffer. 

Can be used on the older 10" card file (13 I/O slot). 

7. 17-183: "0" to "1" Connector 

This cable can be used to interconnect the "0" field and the "1" field within a 15" card file. 

It can also be used to connect a "0" side (Slot 0) of a file, to the "1" side (Slot 7) of the next adjacent file, or vice verse 

8. 17-215: 10" to 10" I/O Expansion Cable 
This cable is used to connect two adjacent 10" card files. 

NOTE 

On the receive end of either a 17-163 or 17-194 cable a strap 
is installed in the factory. This strap must be removed un- 
less the cable is being used to jumper a private I/O Bus 
(SELCH or bus buffer). This strap jumpers Pin 222-0001 
of the upper chassis to Pin 122-0701 of the first expansion 
chassis. If these cables are used to extend a SELCH or 
bus buffer the following wiring changes are required on 
the lower chassis: 

Remove the strap from Pin 134-0700 to Pin 122-0701 

Add the strap from Pin 134-0700 to Pin 122-0700 
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MAINTENANCE SPECIFICATION 



1. INTRODUCTION 

The Model 7/lG is a low cost, 16 bit general purpose minicomputer. It is a fourth generation Processor suitable lor ui e 
in data communications, process control, or stand-alone scientific computer applications. The Processor is modular! 
constructed for ease of maintenance and is compatible with all building blocks in the INTERDATA product line. 

2. SCOPE 

This specification describes the functional operation of the Model 7/16 Processor and provides maintenance information 
useful to the digital technician in maintaining this Processor. A block diagram analysis, a micro-program description 
and a functional analysis of major Processor areas arc included. 

:\. P. LOCK DIAGRAM ANALYSIS 

Refer to the Block Diagram in Figure 1. 

3. 1 System Organization 

The Model 7/16 Processor is organized between two 16-bit buses. The B Bus is used to present data to the Arithmetic 
Logic Unit (ALU). The S Bus then transfers the ALU output to the appropriate destination. The source and destination 
of data on the B Bus and S Pus, as well as the function performed by the ALU, is controlled by micro-instructions con- 
tained in the Read-Only-Memory (ROM). 

3.2 Read-Only-Memory (ROM) 

The Read-Only Memory is a high speed, solid -<=tate, non-destructive memory organized into three pages of 2. r )6 words 
each. Each word in ROM is 20 bits long and represents one micro-instruction. Each micro-instruction read out of 
ROM is placed in the 20 bit ROM Data Register (RD). RD is the micro-instruction register for the micro-Processor. ; 
Most micro-instructions are executed in one machine cycle of 250 nanoseconds. RD bits are decoded to select a Sourq ■■ 
to be statically unloaded to the B Bus. The ALU then forms a result on the S Bus. This result becomes available sonf- 
time before the end of the machine cycle; at the start of the next machine cycle the appropriate destination register is 
loaded and the next micro-instruction is fetched. The meaning of the micro-instruction word bits is explained later. 

Locations in the ROM are addressed by the 10 bit ROM Address Register (RAR). Micro-instructions are normally lo- 
cated at sequential addresses in the ROM. The RAR is an up-counter which increments by one as each new micro-in- 
struction is read into RD. The RAR therefore holds the address of the next micro-instruction to execute. When it be- 
comes necessary to jump out of sequence, nAii can be loaded with a new address from the RD register, from the De- 
coder Read-Only-Memorics, or it can be preset by the hardware. 

This information is proprietary and is supplied by INTERDATA for the sole 
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3.3 Flag Register (FLR) 

The Flag Register (FLR) is a four-bit register containing the following flags: Carry (C), Overflow (V), Greater than 
Zero (G), and Less than Zero (L). These flags are modified at the conclusion of arithmetic and logical micro-operations 
to reflect the result of the operation. The FLR is loaded from Bits 12 through 15 of the S Bus when either the FLR or 
the Program Status Word (PSW) is the specified Destination Register. 

3.4 Program Status Word (PSW) 

The Program Status Word (PSW) is a 16-bit register used to indicate the system status relative to the user program be- 
ing emulated. Bits through 11 of the PSW define enabled interrupts and the operational status or mode of the user level 
Processor. Some of the PSW bits have hardware significance while others are of significance only to the micro-program. 
Bits 12 through 15 of PSW make up the Condition Code field (CC) which reflects the result of the most recent user instruc- 
tion. 

The Condition Code may only be updated from the FLR. When PSW is the specified Destination Register, Bits through 
11 of the S Bus are loaded into Bits through 11 of the PSW and S Bus Bits 12 through 15 are captured in the FLR. The 
Condition Code field remains unchanged until the micro-program causes it to be updated from the FLR or when the hard- 
ware, in the case of the Instruction Read, copies the contents of the FLR into the Condition Code. 

The Location Counter (LOC) is a 16-bit appendurn to PSW which holds the main memory address of the next user instruc- 
tion to be performed. 

3. 5 Main Memory 

The Main Memory consists of random access memory providing storage for user instructions and data. The Memory 
Address Register (MAR) is a 16-bit register which is loaded with the address of main memory locations. Memory is 
actually addressed by the Memory Address Slave Register (MAS). MAS is automatically updated from MAR at the start 
of each memory cycle. Data read from or written into memory is buffered in the Memory Data Register. The micro- 
program initiates a main memory cycle by issuing a memory read, memory write, or instruction read command. After 
issuing a memory command, the micro-program is free to do other instructions. The memory cycle is accomplished 
asynchronous of other Processor activity. If the micro-program, however, attempts to use the contents of MDR after 
a memory read or instruction read before memory data becomes available, or attempts to load MDR or issue another 
memory command before the current memory cycle is complete, the Processor stops until the desired function can be 
performed. 

With core memory, a memory cycle consists of two phases. First, the contents of the specified location are read out 
and placed into the MDR and replaced by zeros (destructive read-out). The contents of MDR are then written into the 
specified location. A Memory Read consists of a read cycle thai saves the contents of the specified location in MDR. 
The contents of the MDR are then written back to the specified location on the write cycle. A memory write does not 
save the read-out so that the specified location is written with the contents of MDR. An instruction read differs from a 
memory read in that after the data becomes available in MDR, it is automatically transferred to the user's Instruction 
Register. 

3. 6 Instruction Register (IR) 

After an instruction read has been issued, when the read-out is available in MDR, MDR Bits through 7 are placed in 
the register labeled OP, Bits 8 through 11 are placed in the register labeled YD, and Bits 12 through 15 are placed in 
the register labeled YS. These three registers (OP, YD, and YS) comprise the user's Instruction Register. 

3.7 Decoder Read-Only Memory (DROM) 

The OP register is used to address locations in the Decoder Read-Only Memory (DROM). The DROM is a separate Read- 
Only Memory, consisting of the two halves - DROM 1 and DROM 2. Each half contains 128 12-bit words. The micro- 
program can interrogate either DROM 1 or DROM 2 at anytime other than on a Branch or Input/Output micro-instruction. 
The least significant 10 bits of the resulting read-out are jammed into the RAR, resulting in an automatic branch to an 
address that is related to the user's operation code. Bit 5 of DROM 1 is used to suppress unnecessary memory reads. 
Bit 4 of DROM 2 is used to identify the halfword I/O user instructions. 

This information is proprietary and is supplied by INTERDATA for the sole 

purpose of using and maintaining INTERDATA supplied equipment and shall 

o not be used for any other purpose unless specifically authorized in writing. 



I 




r * 





: ; - \ V § § * 


■3 ; i o. i.; 


- O - 


- 










o 


t 

J) — 






o O - - - - 


o 


o o 


_ 


o 







- 




- - 




o - 


c 




>: ~-o~^~ 


-^?:f=JV" 


~ o o — 




- o 










o 


I 

1 








_- -__-_- -_^^_ 
















i__ . 


' - o_ 

. " o" " 




0~0~0~0~0~0~0~0- 







00~~-iC~~00-~30-~^ 

" ~o o o ") ~ ~ -~ ~ o 'i o 6 ~ ~ ~ - 




— 






oooooooo-.~ — 














"~o~o'o 


o 

o 
n - 

5" c o - "- 


- 


0^--C>0~~ 


?, vj ^ v ^ 3 \ "V o A. 5 ^ q 

■x 1 *s 'v § s $ cj j 5 5 v k, 


- - 


C O O O ~ ~ ~ ~ 


- - ~ 


— 1 


' ' - '"■ - 




o 


* s v ?, 





1$^ 







V 






<v 






^ 






^ 


HJ 




$« 


^ 




^ 








^ 




,^ 




$ 






\ 



















Hi 


in 






"0 


n 


Hj 
V 

1 






<^ 








•>> 








* 




c- 




^ 


* 




^ 












§ 


'- 





■, 


5 






V, 




II 






PQ 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authprized in writing. 



3.8 General Registers (GR) 

It is most often the case that the micro-program accesses the user's General Registers without caring which of the 10 
General Registers it gets. Consequently, no provision has been made in the Model 7/16 for the micro-program to 
randomly access an explicit General Register. Of course, it matters thai when the micro-program accesses a Genera] 
Register for emulating a user instruction that it be the General Register specified in that user instruction. Since after 
instruction read, the register address(es) specified by the user arc in the YD and YS Register, the micro-program can 
access the appropriate General Register by specifying the YD or YS Instruction Register. The hardware then selects 
the General Register whose number is in the YD or YS Register. 

The YD Register is an up/down counter so that sequential General Registers can be aeeessed. The micro-program can 
also clear the YD Register when it needs to access specific General Rcgisiers. 

3.9 Micro-Registers (MR) 

The two 16-bit registers labeled Mill) and AlRL are available to !he micro-program lor general purpose use. 

3.10 Arithmetic Register (AR) 

The 16-bit A Register (AR) holds the second operand for arithmetic and logical micro-operations. It is one of two direct 
inputs to the Arithmetic Logic Unit (ALU). The other input is the output from the "B" Bus Shifter. The Shifter can shift 
B Bus data left or right one bit position, do an 8-bit rotate, or gate the "R" Bus directly into the ALU. 

3.11 Arithmetic Logic Unit (ALU) 

The ALU comprises a 16-bit parallel adder/subtracter logic network with look ahead carry. The arithmetic or logical 
result is formed on the 16-bit S Bus. 

3. 12 Input/Output (I/O) 

Input/Output operations are achieved by gating S Bus data onto the D Bus and activating an I/O Control Line, or by acti- 
vating an I/O Control Line and gating the D Bus data onto the B Bus. 



4. MICRO PROGRAM DESCRIPTION 



4. 1 Introduction 

Micro-programming is a means for implementing the control logic of a digital computer. At INTERDATA, micro-pro- 
gramming has been effectively used to maintain upward compatibility in a family of Processors whose internal hardware 
varies from one member to the next. 

The Model 7/16 is designed to execute micro-instructions stored in a Read-Only Memory (ROM). Each micro-instruc- 
tion causes one or more hardware functions to be performed, such as transferring the contents of one register to an- 
other, arithmetic or Boolean operations between registers, controlling input/output operations, or initiating main mem- 
ory accesses. 

A series of micro-instructions is called a micro-program. The complete Model 7/16 micro-program is, by definition, 
an emulator, causing the Model 7/16 hardware to react to a user program in main memory and to external events as 
would the Processor described in the User's Manual , Publication Number 29-261. Every user instruction, interrupt 
handling feature, and Hexadecimal Display Panel function is simulated by some portion of the Model 7/16 micro-pro- 
gram. 

4. 2 Word Formats 

4. 2. 1 General. The Processor executes nine basic micro-instructions. Branch is identified by having Bits 2 
and 3 of the micro-instruction word set. For all other micro-instructions, Bits 4, 5 and 6 specify the Op-Code See 
Table 1. 
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TABLE 1. MODEL 7/16 MICRO-INSTRUCTIONS 
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Micro-instructions can have any one of three machine language formats, depending upon the specific operation. The for 
mats are listed in the following' paragraphs by the micro-instructions which use them. 

4.2.2 Add, Subtract, AND, OR, Exclusive OR, Load, and Command. 
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MC 
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MC Memory Control field. Memory actions (Memory Read, Memory Write, Instruction Read) are 

specified in this field. 

R ROM Address Register Control. This field is used to interrogate DROM 1 or DROM 2. If botfi 

Bits 2 and 3 are set this is a branch Op-Code. 

OP Specifies the function to be performed. 

D Destination field. The result of the operation is placed in the register specified by this field. 

S Source field. The address of the register containing the first operand is in this field. The 

second operand, when necessary, is contained in the AR. 

E - -. Extended Operation field. Instruction options are specified in this field. 

4. 2. 3 Load Immediate. 
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DATA The first operand is in this field. Bit 11 of the instruction is undefined. 
4.2.4 Branch . 

1 2 3, 4 



00 
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COND 



10 
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COND Specifies the condition for branching. 

ADDRESS If the specified condition is true, the program is transferred to the address specified by this 
field. No memory activity is allowed on a Branch. 
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4.3 Source and Destination Registers 

Source Registers are available to all micro-instructions except Branch and Load-Immediate. The sources that may be 
addressed are shown in Table 2. 

TABLE 2. ADDRESSABLE SOURCES 



RD 


BITS 




SYMBOLIC 






11 


12 13 


14 


REGISTER 


MEANING 













PSW 


Program Status Word 










1 


LOC 


Location Counter 







1 





MRO 


Micro-Register 







1 


1 


MR1 


Micro-Register 1 







1 





MDR 


Memory Data Register 







1 


1 


MAR 


Memory Address Register 







1 1 





NULL 


Null Source. First Operand=0 







1 1 


1 


- — 


Undefined 




1 








YD 


Register specified by YD field 




1 





1 


YDP1 


Register specified by YD field 




1 


1 





YDM1 


Register specified by YD field 




1 


1 


1 





Undefined 




1 


1' 





TO 


Input D Bus to B Bus 




1 


1 


1 


— 


Undefined 




1 


1 1 





YS 


Register specified by YS field 




1 


1 1 


1 





Undefined 





The source registers may be used freely by the micro-program, 
ations. 



The following paragraphs point out special consider- 



The user's 16 general purpose registers do not have individual source addresses. Instead, common symbolic addresses- 
YD, YDP1, YDM1 and YS-cause the General Registers to be selected from the YD or YS field of the user's Instruction 
Register. When the source specification is YD, YDP1, or YDM1, the General Register whose number is in the YD field 
is unloaded to the B Bus. Then, for YDP1 (YDM1) the YD field is incremented (or decremented) by one. When the source 
specification is YS, the General Register whose number is in the YS field is unloaded to the B Bus. 

The General Register specified by YD may not be used as a source immediately after a YDP1 or YDM1 specification; 
nor may a particular General Register be used as a source immediately after it was a destination. The micro-program- 
mer should allow one micro-instruction worth of settle time for these cases. 

When I/O appears as the source, an input operation is to be performed. The nature of the input request is encoded into 
the extended field of the instruction. When the device responds, the data is gated onto the B Bus. Completion of the 
micro-instruction is suspended until the device responds or a false sync occurs. 

If an attempt is made to unload MDR. when the memory data is not yet available (after a memory read), execution of that 
micro-instruction is suspended until memory data is available. Memory data is unavailable for two machine cycles fol- 
lowing a memory read. 



When PSW is specified as the source register, only Bits through 11 of the PSW are gated to the B Bus. 
through 15 reflect the contents of the Condition Code for this micro-instruction. 



B Bus Bits 12 



Destination Registers are available to all micro-instructions except Branch. 



The Destination Registers that may be addressed are shown in Table 3. 
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TABLE 3. ADDRESSABLE DESTINATIONS 





RD BITS 




SYMBOLIC 




7 


S 9 


10 


REGISTER 


MEANING 











PSW 


Program Status vVord 








1 


LOC 


Location Counter 





1 





MRO 


Micro Register 





1 


1. 


MR1 


Micro Register 1 





1 





MDR 


Memory Data Register 





1 


1 


MAR 


Memory Address Register 





1 1 





AR 


A Register 





1 1 


1 


ELR 


Flag Register 


1 








YD 


Register specified by YD field 


1 





1 


YDP1 


Register specified by YD field 


1 


1 





YDM1 


Register specified by YD field 


1 


1 


1 


YS 


Register specified by YS field 


1 


1 





IO 


Output data to D Bus 


1 


1 


1 





Undefined 


1 


1 1 








Undefined 


1 


1 1. 


1 





Undefined 



The Destination Registers may be used freely by the micro-program noting the following special cases. 

When PSW 7 is loaded, Bits 12 through 15 of the S Bus are captured in the FLR. PSW Bits 12 through 15 (the Condition 
Code) are updated from the FLR on an Instruction Read or at any time when directed by the micro-program. 

When LOC is loaded, MAR is also loaded with the same value. 

Loading LOC or MAR has no immediate affect on MAS. MAS is updated from MAR at the start of each memory cycle. 

If an attempt is made to load MDR when memory is busy, execution of that micro-instruction is suspended until the cur- 
rent memory cycle is finished. A memory cycle lasts four machine cycles. 

When I/O is the destination, an output operation is to be performed. The nature of the output operation is encoded in tht 
extended field of the Load micro-instruction. S Bus data is gated onto the D Bus. Completion of the micro-instruction 
is suspended until the device responds or false sync occurs. 

When YS is the destination, the General Register specified by the YS field is loaded. 

When YD is the destination, the General Register specified by the YD field is loaded. 



When YDP1 or YDM1 is the destination, the General Register specified by the YD field is loaded, then the YD field is in 
cremented or decremented by one. 
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4.4 The Micro-Program 

The Model 7/16 micro-program can be divided into three major functional areas. These are: 1. user instruction fetch; 
2. user instruction execution; and 3. interrupt support. Refer to Figure 2. 

The user instruction fetch routine tests for interrupts. If any interrupts are pending, the interrupt support routine is 
entered. If there are no interrupts, the instruction fetch continues. The second operand is placed in the AR and the ap- 
propriate instruction execution routine is entered. After finishing' the emulated instruction, the next user instruction h 
fetched. 



FETCH USER 
INSTRUCTION 




YES 



NO 
2ND OPERAND 



INTERRUPT 
SUPPORT 



INSTRUCTION 
EXECUTION ROUTINES 



figure 2. Micro-Program Functional Areas 

4-4. 1 System Ini tialization. On power up, or following initialize, when the System Clear signal (KCLKO) goes 
high, the Processor starts executing micro-instructions. SCLRO presets the ROM Data Register (RD) to X'30100' "if the 
Auto-Restart option is not present, or to X'30102' if the Auto-Restart option is present. Consequently, the first micro- 
instruction executed after power up or initialize isthe preset unconditional branch to address X'100' or X'102\ 



ress X'102' 



Referring to Figure 3, address X'100' corresponds to the symbolic label PWRUP on the flow chart and add 
corresponds to the label ARST. The micro-program loads MR1 with a zero or a one to flag the absence or presence of 
the Auto-Restart option. 



Then the Loader Storage Unit (LSU) is addressed, [f the LSU exists, it responds with a sync. The test for false sync 
fails and routine AUTOl is entered. If a false sync does occur, the micro-program branches to routine PWRUP2, the 
normal power-up sequence. 

CAUTION 

Device Number X'05' is reserved for the Loader Storage Unit 
(LSU) Controller. This is a device which is treated specially 
by the hardware during power up or initialize sequences , which 
automatically loads a new PSW and up to 2, 048 bytes of main 
memory. The hardware assumes if Device Number X'05' exists 
in a system that it is an LSU and the automatic PSW and memory 
load sequence occurs on power up. Accordingly, extraordinary 
results can occur if Device Number X'05' is assigned to any other 
device controller. 

The PSW and LOC are restored from their power fail save locations, X'0024' and X'002G' in main memory, and the user's 
General Registers are restored from their main memory power fail save locations. The General Register save area is a 
32-byte block of memory whose starting address is contained in memory location X'0022\ 
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After restoring the registers, Bits 13, 14, and 15 of location X'20' are examined. If non-zero, the Hexadecimal Dis- 
play Panel was not in the Run mode when power went down. Routine PWRUP3 is entered. If zero, the Hexadecimal 
Display Panel was in the Run mode. The Auto-Restart queue in MR1 is tested. If set, routine MMF is entered to do 
the Machine Malfunction interrupt if PSW Bit 2 is set. If the ARST queue is not set, routine LOCDIS is entered. 
Routine PWRUP3 is entered on power up after the registers have been restored, if the Hexadecimal Display Panel was 
not in the Run mode when power went down. The status byte from the Display Controller is examined. If the least 
significant four bits of the status are 0X01 2 , the Processor is equipped with the Automatic Loader option, and an auto- 
boot load from a particular device is desired. In this case, the micro-program reads two bytes from the Display Con- 
troller. The first byte is the device number and the second byte is the required output command. The device is add- 
ressed and the output command is issued, then routine AUTOl is entered. 



'100' 

Y 

PWRUP 



B '102' 
V 

ARST 



(MR1) 



-0 



1R1)« 



r 



(MR0)*-'05' 
ADDRESS THE 
LOADER STORAGE UNIT 




YES 



PWRUP2 



(PSW)*- ['24'] 

(LOC)*- ['26'] 

RESTORE THE 

GENERAL REGISTERS 

FROM THE ADDRESS 

SPECIFIED BY [22] 




ALL ZERO 



ADDRESS THE DISPLAY 
(MR0)-»-DISPLAY STATUS 



RESET 



READ TWO BYTES FROM THE DISPLAY 
FIRST BYTE IS DEVICE ADDRESS 

SECOND BYTE IS OUTPUT COMMAND 

ADDRESS THE DEVICE 

AND ISSUE OUTPUT COMMAND 



AUT01 
FIGURE 4 




Figure 3. System Initialization 
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If the Display Controller status is other than XXXX 0X019, then either a Hexadecimal Display Panel is present or the 
Automatic Loader option exists but no boot load is desired. The micro-program goes to LOCDIS to display the pre- 
sent value of the Location Counter. 

The Auto-Boot Load routine, AUTOl is shown on Figure 4. The micro-program reads in a new PSW and LOG, a start- 
ing memory address and an ending memory address from the specified auto-boot device. The tests for busy device sta- 
tus are necessary when devices other than the Loader Storage Unit arc used. The micro-program then forms in MR1 
the difference between 1ho ending address and the starting address. If a carry is produced, the end address was less 
than the start address. Routine IDI.L is entered. If 1he end address is not less than the start address, the data input 
loop, AUTOL, is entered. Any bad status from the device causes the micro-program to go to IDLE. Otherwise, data 
bytes are read from the device and stored in consecutive byte locations in main memory until the difference count in Mil 1 
is decremented from X'OOOO' lo X'FLFF'. When this happens, all the data has been loaded into main memory and rou- 
tine TEST2 is entered. 




(MR1)* (MR1)-(MAR) 



(LOC 8 :15) 




IDLE 
FIGURE 6 



TEST2 
FIGURE 8 



Figure 4. Auto-Boot Loader 
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Routine TEST2 is in the general load/swap PSW coding. If Bit of the PSW is set (Wait bit), the micro-program 
branches to the high speed interruptable WAIT loop. If Bit is not set, the micro-program goes through routine NOB 
to copy LOC into MAR, update the FLR from the Condition Code, and do an Instruction Read to fetch the first user in- 
struction. 

4.4. 2 He xadecimal Display Panel Support. The Hexadecimal Display Panel is serviced by two major 
routines; CONSER and DISPIY. I outi;,e CONSER is entered if during user instruction execution, the micro-program 
determines that either CATN or SNGL are active; or if in the IDEE loop or the WAIT, loop, CATN becomes active biu 
SNGL is not active. See Figure 5. 

The Display Controller is addressed and its status is examined. The most significant four bits of the status byte are 
stored as the least significant four bits of location X'20'. If the SNGL signal is active the FLR is cleared and the micro- 
program returns to the user instruction fetch routine at START+1. If SNGL is not active and the Hexadecimal Display 
Panel is not equipped, routine CLRWIT is entered, which resets the Wait bit in the PSW and fetches the next user instruc- 
tion. 

If status Bit 1 is set a function or a register has been selected. Routine FN is entered. If status Bits 0, 4, 5, ft and 
7 are all reset, Function was selected. If PSW Bit 4 is also set, the micro-code simulates an interrupt from device 
number 1 (Hexadecimal Display Panel Interrupt). If not enabled by the PSW bit, routine CLRWIT is entered to fetch 
the next user instruction. 

If the Display status indicates Address or Memory Write, routine ADRMW is entered. The Switch Register is read 
into MDR and if the mode is ADRS, routine ADR is entered; where the data in MDR is forced even, copied to LOC and 
routine LOCDIS is entered. If the mode is Memory Write, routine DISMEM is entered, where the data in MDR is 
written to the memory location specified by LOC. LOC is then incremented by two and copied to MRQ. The data 
written is copied into MR1 and MDR is set equal to X'SO' to illuminate the Memory Address/Memory Data diagram 
lamp and clear the MA12:15 field of the display. Routine OUTDIS is entered. 

If the mode is Memory Read, the read is performed from the address specified by LOC and routine DISMEM is entered. 

Display status Bits 1, 2, and 3 being reset indicate Run mode. Routine CLRWIT is entered to fetch the next user in- 
struction. 

Routine DISPLY is entered from routine CONSER if the status indicates that a function other than Function or a Re- 
gister was selected; or before the interruptable Wait loop is entered, if SNGL is active. See Figure 6. 

The "Display Controller is addressed and its status is tested. If a General Register is selected, routine REGDIS is 
entered. If Function codes 4 or 5 are indicated, routine PSWLOC is entered. Otherwise, the uninterruptable IDLE 
loop is entered. 

At REGDIS, the eight-bit status byte in MRO is rotated left one position so that Bit of the status byte becomes the 
least significant status bit. The YD field is cleared and incremented until it equals the register number specified by 
the least significant four status bits. The specified General Register is copied to MR1, MRO is cleared and MDR is 
set equal to X'2n\ where n is the number of the specified register. Routine OUTDIS is then entered. 

At PSWLOC, status Bit is examined to differentiate between Functions 4 and 5. If status Bit is set, the Function is 
5 and routine LOCDIS is entered. Otherwise, the PSW is copied to MR1, MRO is cleared, and MDR is set equal to X'44'. 

Routine LOCDIS copies LOC to MR1, clears MRO and sets MDR equal to X'45'. Routine OUTDIS is then entered. 

Routine OUTDIS outputs the five bytes contained in MDR8:15, MRO and MR1 to the Display Controller. The Controller 
is then given an output command Normal mode, so that the next time it is addressed the byte counter will reset, then 
the uninterruptable IDLE loop is entered. 

The IDLE loop is a high speed loop that can only be exited if a power failure occurs or a CATN is detected. 

4.4. 3 Instruction Fetch. A user's Instruction Fetch begins when a micro-instruction specifying Instruction 
Read is performed. The hardware sets the ROM Address Register to '000', which corresponds to the label START on 
the flowchart, see Figure 7. If any interrupts are pending, the micro-program branches to routine HELP. If no inter- 
rupts are pending, the LOC is incremented by two. The hardware copies the instruction word from MDR into the Instruc- 
tion Register (OP, YD, and YS). The General Register specified by YS is loaded into the AR and DROM1 is interrogated. 
If DROM1 read-out Bit 5 is false, a memory read is initiated from the address specified by the new contents of LOC. If 
DROM1 read-out Bit 5 is active, no memory read occurs. 
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If the user's operation code is one of the 128 valid op-codes. DROM1 supplies an appropriate address to resume rnicro- 
code execution. If the user's operation code is not legal, the hardware sets the ROM Address Register to '008', causing 
a branch to routine ILEG. There, the LOC is decremented by two, the MAR is set to '0030' and routine GENSWP is en- 
tered. 

FIGURES 6 AND 8 



CONSER 



ADDRESS THE DISPLAY 
(MRO)-^-DISPLAY STATUS 

STORE THE MOST SIGNIFICANT FOUR BITS OF THE 
STATUS IN THE LEAST SIGNIFICANT FOUR BITS IF 
LOCATION X'20'. 



FIGURES 3 AND 6 
CLRWIT 




YES 



(FLR)« 




SET 



RESET 
(MDR)*-[(LOC)] 



NOT ZERO 




SET 



STATUS \ SET 
BIT 2 



RESET 



RESET 



DISMEM 



[(LOC)]*— <MDR) 
(MR1)*-(MDR) 

(LOCH—(LOC)+2 
(MRO)<*-<LOC) 
(MDR)«*-'80' 



CLRWIT 



(PSW, 



00' 



(MAR)--(LOC) 
(FLR)««-(PSW 12:15) 

(INSTRUCTION^ 
READ J 

INSTRUCTION FETCH 
CONTINUES AT START 



OUTDIS 
FIGURE 6 




IOSVC 
FIGURE 8 
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Figure 5. Routine CONSER 
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FIGURES 5 AND 8 



V 



DISPLY 



ADDRESS THE DISPLAY 
(MRO)-*- DISPLAY STATUS 



REGDIS 




Figure 6. Eoutine Display 
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HELP 
START+1 FIGURE 5 FIGURE 8 



INSTRUCTION 

IN MDR IS 

TRANSFERRED 

BY HARDWARE 

TO THE OP,YD& 

YS REGISTERS 



(MARMLOC)" 
(AR)*- 



-(LOO+2 



-[(YS)] 




LOO-2 
'0030' 



(MDR)+(AR) 
(MDR) 



OP REGISTER IS 
ADDRESS FOR 

DROM 1 
DATA IN DROM 1 
IS PLACED IN 
RAR 



f SEE TABLE 4 
\ FOR ADDRESS 
) SUPPLIED BY 
i DROM1 



(MAR)- 
(MDR)* 



(MDR) 



(MAR)* (MDR) +(AR) 

(MDR)* [(MAR)] 

(MAR),(LOC) * (LOO+2 

(AR)* (MDR) 



-[(MAR)] 

(MAR),(LOC)* (LOO+2 

(AR)* (MDR) 



SEE TABLE 5 

FOR ADDRESS! 

SUPPLIED BY 

DROM 2 



OP REGISTER IS 
ADDRESS FOR 

DROM 2. 

DATA IN DROM 2 

IS PLACED IN 

RAR 




Figure 7. Instruction Fetch 
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4.4.4 User Instructions. The ROM address supplied by DROM1, in a way, categorizes the user instructions 
into those that require operand set-up and those that do not. Table 4 shows the symbolic ROM addresses contained in 
DROM1. For those instructions that do not require any operand set-up, the micro-program goes directly to the appro- 
priate execution routine via DROM1 and DROM2 is not used at all. For those instructions that do require some pre-pn 
cessing, after that processing is complete, DROM2 is interrogated to get the starting address of the execution routine. 
Table 5 shows the symbolic ROM addresses contained in DROM2. 



Rather than explain every user instruction, only those more involved instructions are elaborated upon. 



TABLE 4. DROM1 DATA 



Op-Codc 

MSD 





2 


4 


6 


9 


D 


C 


K 


Op-Gode 
[ gr_> 


ILEG* 


BTFR* 


STII 


ILEG* 


SRLS* 


STMLM* 


BXLH 


ILEG* 


1 


BAL * 


BTFR* 


RS 


STB 


SLLS* 


STMLM* 


BXLH 


STMLIVL 


2 


BTC * 


BFFR* 


RS 


ILEG* 


STBR* 


STB 


RS 


RS 


3 


BFC * 


BFFR* 


RS 


ILEG* 


LBR * 


STB - 


RS 


ILEG-* 


4 . 


Nil * 


.. SHORT* 


RX 


ILEG* 


EXBR* 


STB 


RS 


ILEG- 


5 


CLII * 


SHORT* 


RX 


ILEG* 


EPSR* 


RS 


RS 


ILEG" 


G 


OH * 


SHORT* 


RX 


ILEG* 


RWBRR* 


RWBRX 


RS 


ILEG* 


7 


XII * 


SHORT* 


RX 


ILEG* 


RWBRR* 


RWBRX 


RS 


TLEG* 


8 


LII * 


ILEG* 


RX 


ILEG* 


RRIO* 


RXIO 


RS 


ILEG* 


9 


CII * 


ILEG* 


RX 


ILEG* 


RRIO* 


RXIO 


RS 


ILEG* 


A 


All * 


ILEG* 


RX 


ILEG* 


RRIO* 


RXIO 


RS 


RLR 


B 


SH * 


ILEG* 


RX 


ILEG* 


RRIO* 


RXIO 


RS 


RLR 


C 


Mil * 


ILEG* 


RX 


ILEG* 


MIIU * 


RX 


SRI I 


SR 


D 


DH * 


ILEG* 


RX 


ILEG* 


RRIO* 


RXIO 


SLR 


SL 


E 


ACH * 


ILEG* 


RX 


ILEG* 


RRIO* 


RXIO 


SRII 


SR 


F 


SCH * 


ILEG* 


RX 


ILEG* 


AIR * 


AI 


SLIIA 


RLR - 


*Bit 5 of the DROM read-out suppresses Memory Read. 
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TABU'] f,. DROM2 DATA 








2 


4 


<; 


y 


D 


C 


E 





- 


RKWD 


STH1 


- 


SRHL 


STM 


BXH 


- 


1 


- 


FRWD 


BAL 


ARM 


SEHLL 


LM 


BXLE 


SVC 


2 


- 


BKWD 


ivrc 


- 


NOCCC 


STB1 


LPSW 


SINT 


:s 


- 


FRWD 


BFC 


- 


NOCCC 


LB 


TBI 


- 


4 


- 


LI I 


Nil 


- 


NOCCC 


CLB 


Nil 


- 


5 




LCS 


CLH 


- 


TEST! 


AL 


CLII 


- 


(i 


- 


AH 


on 


- 


\VB 


WB 


OH ■ 


- 


7 


- 


SI I 


XH 


- 


PvB 


RB 


XII 


- 


■s 


- 


- 


[41 


- 


WHR ! 


W\l* 


LH 


- 


9 


- 


- 


CH 


- 


RHR' 


RIL 


CH 


- 


A 


- 


- 


AH 


- 


WD 


WD 


AH 


RRLL 


B 


- 


- 


SI I 


- 


RDR 


RD 


SH 


RLLL 


C 


-- 


- 


■ MR 


- 


- 


MRU 


SRHL 


SRL 


D 


- 


- 


DII 


- 


SSR 


SS 


SLIILL 


SLL 


E 


- 


- 


ACH 


- 


oc 


OC 


SRIIA 


SRA 


E 


- 


- 


sen 


" 


SSR 


SS 


SLIIAL 


SEAL 


4Mt 4 of the DROM read-out forces RAR Bit 13 set if the Half word Test Line is active. 



Multiply Halfword. 



Divide Halfword. 



When the routine Mil is entered, the AR contains the second operand and the first operand is in 
the Ceneral Register whose address is the value of the YD field plus 1. The General Register 
pair specified by (YD) and (YD-Ll) contains the final product. Initially, the micro-program clears 
the most significant Ifi bils of I he product in (YD). 

The sign of the result product is calculated and saved in MDR and then the multiplier and multi- 
plicand are forced positive. The multiply loop is then entered where the 32 bits in (YD) and 
(YD-! l) are shifted right, double precision, one position at a time. Each time a carry is produced, 
the multiplier, which was saved in MRO, is added to the most significant 16 bits of the partial pro- 
duct forming in (YD) and (YD-H). The loop is transversed 10 times. At the end of the loop, the 
32 bit product is shifted right one more time to make room for the sign bit, then the sign bit in 
MDR is affixed. 

The Unsigned Multiply halfword instruction is identical to the signed multiply with the exception 
of the sign pre and post processing. 

Wlien routine DH is entered, the Hi bit divisor is in the AR and the 32 bit dividend is in the Gen- 
eral Register pair specified by (YD) and (YD-M). Initially, the micro-program calculates the sign 
bit in MDR Bit 15. The dividend sign, which will be the remainder sign, is saved in MDR Bit 14. 
The divisor is moved from the AR to the MAR and is tested. 11" minus, routine OKDIV is entered. 
If positive, routine COMSOR is entered. If zero, routine DEAULT is entered. 

Routine COMSOR two's complements the divisor in MAR so that it will be negative, then routine 
OKDIV is entered. There, the dividend in (YD) and (YD-M) is moved to MRO and MR1. If it was 
negative, it is two's complemented. 



Hi 
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In the divide loop, the divisor in MAR is added to the most significant 1G bits of the dividend in 
MRO, leaving the difference (remember that the divisor is negative and the dividend is positive) 
in MRO. If a carry did not result, the attempted division was unsuccessful so MRO is restored 
by subtracting MAR from it. Then the MRO, MR1 register pair is shifted left one position and 
the carry from the trial addition is shifted into Bit 15 of MR1. These carries constitute the re- 
sult quotient forming in MR1; MRO contains partial remainders. The divide loop is traversed 17 
times. 

At the end of the divide loop, the remainder in MRO is shifted right one place. If a carry results, 

routine DFAULT is entered. A carry at this point means that the dividend was larger than the 

1 c 
divisor by a factor of 2 . 

The sign of the quotient in MR1 is then examined. If it is positive, the result quotient and re- 
mainder signs arc affixed, MRO and MR1 are copied back into (YD) and (YDU), and the emulation 
is complete. 

If the sign of the quotient in MR1 is negative, then the dividend was equal to or greater than 2 •' 
times the divisor. Only the equal case is allowable, meaning that the quotient should.be consider 
ing signs, equal to X'8000' or -32,768. Any other quotient means a divide fault and routine 
DFAULT is entered. 

Routine DFAULT causes a PSW swap with core location X'004«' if PSW Bit 3 is set. If the enabl- 
ing PSW bit is not set, the emulation is completed without modifying (YD) or (YDh 1). 



-1.4.5 Interrupt Support. During user instruction fetch, the micro-program tests lor interrupts. II any of tiie 
tested interrupts (MALF, ATN, CATN, SNGL) arc active, routine HELP is entered. See Figure 8. 



Machine Malfunction 



If MALF is active, routine TEST is entered. MALF can be caused by Memory Parity Error or 
Early Power Fail if PSW Bit 2 is set; or by Primary Power Fail. At routine TEST, the micro- 
program clears the memory parity error and early power fail alarms. If MALF is still active, 
then the Primary Power Fail signal is active. Routine PWRDWN is entered. There, the PSW 
and LOC are stored in their core memory save locations and the user's General Registers are 
saved in the area of core whose starting address is contained in location X'0022'. The Command. 
Power Down micro-instruction is then performed which stops the Processor and closes the initialize 
(SCLR) relay. 



I/G Attention 



Console Interrupt 



If Primary Power Fail was not causing MALF, the micro-program does a Machine Malfunction 
PSW swap with location X' 0038'. Routine GENSWP, the common PSW swap routine, is discussed 
later. 

If MALF is not active, the micro-program tests for I/O attention (ATN). If ATN is active, rou- 
tine TESTO is entered. If PSW Bit 4 is set, routine HSSVC is entered, otherwise, a PSW swap 
is performed with location X'0040'. 

Routine IISSVC acknowledges the I/O interrupt. The returned device number times two is used 
to index the Service Pointer table beginning at core location X'OODO'. The halfword contained in 
the selected location is fetched and placed in MAR. The micro-program then stores the PSW in 
the location whose address is (MAR) and the LOC in the location whose address is (MAR) '2. Th« 
contents of the location whose address is (MAR)+4 is fetched and placed in the PSW, LOC is set 
equal to (MAR)-'G, and the user instruction now pointed to is fetched and executed. 

If neither MALF nor ATN are active, the micro-program tests for Console Attention (CATN). Ii 
not active, the interrupt must have been SNGL, and routine DISPLY is entered. There, the se- 
lected register(s) is output to the Display Console and then the Idle loop is entered. See Section 

4.4.2. 



If CATN is active, routine CONSER is entered. There, the Display Console is addressed, which 
resets CATN indication. If SNGL is then also active, the micro-program continues the user in- 
struction emulation. When the next user instruction fetch begins, CATN is inactive but SNGL is 
still present, causing routine DTSPLY to be entered. See Section 4.4.2. 
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Figure 8. Interrupt Support 
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Routine GENSWP Routine GENSWP is the common PSW swap routine, entered with MAR containing the address of 

the swap area. The PSW is stored in the location whose address is (MAR). LOG is stored in 
the location whose address is (MAR) -12. The PSW is loaded with the contents of the location ad- 
dressed by (MAR) 14 and LOC is loaded from location (MAR)-ifi. 

If Bit G of the new PSW is set, the micro-program examines Bits 8:15 of the halfword whose ad- 
dress is in location X'0080'. If this byte is non-zero, another PSW swap is performed immedi- 
ately with location X'0082'. If Bit 6 of the new PSW is not set, the micro-program tests PSW 
Bit 0. If not set, user instruction execution begins with the instruction specified by LOC. Tf RH 
is set, the interruptable WAIT loop is. entered. The WAIT loop tests for MALF, ATN, or CAi \. 
If any interrupt occurs, routine HELP is re-entered. 

4. f> Interrupt System 

The interrupt structure provides rapid response to external and internal events that require special software attention. 
The descriptions that follow are oriented towards the emulator. 

[ - r> - l I nternal Interrupts . Five different internal interrupts may be generated. Of these, the Fixed-Point Di- 
vide Fault, Queue Service, and Supervisor Call Interrupts are created by the Emulator, and the Illegal Instruction and 
Machine Malfunction Interrupts arc generated in the hardware. 

4.:'). 1.1 Illegal Instruction Interrupt. The Illegal instruction interrupt occurs when an instruction not in 
the user's repertoire is attempted. Table 6 shows the Model 7/16 user's instruction repertoire. Only 128 of the possib e 
256 combinations of Op Codes are available in the DROM. The 128 that aren't available are trapped by the hardware 
when DROM1 is interrogated. The RAR is automatically set to '008', the starting address of the Illegal Instruction In- 
terrupt micro-routine. Of the 128 allowable combinations, there arc still some illegal instructions. For these Op-Cod^s, 
the data in DROM1 equals '008'. When DROM1 is interrogated, a branch to ROM address '008' occurs. 

TABLE 6. USER'S INSTRUCTION REPERTOIRE 



OP CODE 
BITS 4:7 


OP-CODE BITS 0:3 


.0 


2 


4 


6 


9 


C 


D 


E 







.. BTBS 


STII 




SRLS 


BXR 


STM 




1 


BALR 


BTFS 


BAL 


AHM 


SLLS 


' BXLE 


LM 


SVC 


2 


BTCR 


BFBS 


BTC 




STBR 


LPSW 


STB 


SINT 


3 


BFCR 


BFFS 


BFC 




LBR 


Till 


143 




4 


NIIR 


LIS 


Nil 




EXBR 


NH1 


CLB 




5 


CLHR 


LCS 


CLH 




EPSR 


CLIII 


AL 




6 


OUR 


AIS 


on 




WBR 


OHI 


WB 




7 


XIIR 


SIS 


XII 




RBR 


XIII 


RB 




8. 


LIIR 




LI I 




WHR 


LHI 


WII 




9 


CUR 




CII 




RHR 


cm 


RII 




A 


AIIR 




AH 




WDR 


AMI 


WD 


RRL 


B 


sim 




SII 




RDR 


SHI 


RD 


RLL 


C 


MHR* 




MH* 




MHUR* 


SRIIL 


MHU* 


SRL 


D 


DHR* 




DH* 




SSR 


SLHL 


SS 


S'LL. 


E 


ACHR 




AC II 




OCR 


SRIIA 


oc 


SRA 


F 


SCHR 




SCH 




AIR 


SLHA 


AI 


SLA 



^Completed only with M71-105 Multiply /Divide option. 
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'• f) - 1 - : ' AI±l£i lin ^ Altilfuncl ionJnterruHt. The- Machine Malfunction Interrupt occurs on a memory parity 
error or early power fail if PSW Bit 2 is set. The emulator also performs a Machine Malfunction PSW swap on'l'ower" 
Up if PSW Bit 2 is set, Auto-Restart is present, and the Run mode is specified. 

If the Memory Parity option is present, the parity bit of each halfword in main memory is set or reset to maintain odd 
parity. The parity bit is generated on every memory write and checked on every memory read or instruction read. If 
a parity error occurs, and PSW Bit 2 is set, the testable signal MALF goes active. During the user instruction fetch 
part of the micro-program, MALF, along with other interrupts, is tested. If any interrupt is pending, the micro-pro- 
gram branches to a routine to sort interrupts by priority. 

The Early Power Fail condition (EPF) exists if the optional power fail detector determines that the line voltage- is low. 
The condition also occurs when the Initialize key is depressed or when the Power switch is turned off. One millisec- ' 
ond after Early Power Fail, the Primary Power Fail signal (PPF) goes active. The testable signal MALE is active if 
EPF is active and PSW Bit 2 is set or if PPF is activ-c. When the micro-program does a Command Clear Memory Par- 
ity, the EPF flag is also reset. 

4.5.2 External Interrupts . If individually enabled by the user's program, a peripheral device controller is al- 
lowed to request Processor service when the device itself is ready to transfer data. If PSW Bit 1 is reset, I/O device 
interrupt signals are ignored. The signal (ATN) remains pending, however, until PSW Bit 1 is set and the interrupt is 
acknowledged. 

The Processor may service an I 7 interrupt in one of two ways, depending on the stale of PSW Bit 4. Refer to Figure H. 
5. FUNCTIONAL DIAGRAM ANALYSIS 

5. 1 Introduction 

This section relates to Functional Schematic 01-058D08, Sheets 4 through 26. Note that in INTERDATA functional sche- 
matics, the last character in the mnemonic symbol designates the logic level when the signal is active. For example; 
D050 is Data Line Number 5 (D05). The last character (0) indicates that when D050 is active, the line is at a logical ' 
zero level. Refer to the General Description section of this manual for further information concerning the INTERDATA 
documentation system. 

5. 2 Clock Control 

The Clock Generator is shown on Sheet 12. The clock system employs a free running 16 MHz oscillator. The oscillator 
output is inverted to generate OSCO. The oscillator is adjustable (via the variable Capacitor CI), over the range of 55 
to 120 nanoseconds. 

OSCO is used as the clock inputs to a pair of flip-flops arranged as a two bit counter. The outputs from this counter are 
ANDed to form Clock (CLK1). CLK1 is the basic clock of the Model 7/16 from which all other clocks are derived. The 
counter is initialized and held in this initialized state oy STOP0, on a power down or a power up, to inhibit clocks. Re- 
fer to Figure 9 for clock timing. 



OSCO 



r\ 



STOPO 



FAI 



FBI 



CLKI 



62.5 NS |*-- 



250 NS 



Figure 9. Clock Timing Nominal 
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The clock control logic of the Model 7/16 is shown on Sheet 13 of the functional schematics. All ihe clock inputs to all- 
flip-flops or registers are derived from CLK1 and are delayed from CLK1 by one and only one TTL gate delay. 

C-Clock (CCLK1) (13N5) is used to generate the Load ROM Address Register pulse I.RARO on either a Branch, a Decode. 
or an Instruction Read Op Code and to provide a clock for the generation of Input/Output timing. CCKK1 is disabled 
when MSTOPO is active. 

Clock ROM Data (CKRDO) (13IIG) is used to increment the ROM Address Register and to strobe data From the R<>M into 
the ROM Data Register. CKRDO is skipped whenever RSTOPO is active. 

B-Clock (BCLK1) (14II5) is used to synchronize the memory control logic. This clock is an uninhibited clock and is pre- 
sent whenever CLK1 is present. 

Various clocks are used for gating data into Processor registers. These clocks, loosely defined as destination clocks, 
are inhibited by DSTPO. 

A hierarchy of clock stops controls the clock system in the Processor. Memory Stop (MSTOPO) stops all clocks except : 
BCLK1 which is used for memory control. Stop I/O (STPIOO) stops all clocks except CCLK1 which is used 1o control 
I/O operations. In addition, destination clocks and CKRDO are skipped for one clock cycle for :inv micro--ins1 ruction 
which specifies an Instruction Read or a Decode. On a branch micro-operation, no destination clock is generated and 
one CKRDO is skipped if the branch is taken. This hierarchy, as well as the structure of the micro-program, insures - 
that Processor clocks are stopped for one reason only. 

The SKIP flip-flop (13K8) provides the capability of skipping a. clock while performing a Decode, an Instruction Head, or 
a true Branch. These micro-instructions require two machine cycles for their execution. This flip-flop is set for any 
of the above reasons and is always reset on the next CLK1 . 

For the sake of illustration, the timing for an Instruction Read sequence is shown in Figure 10. 



CLKI 




INSTRUCTION READ SPECIFIED 
BY THE MICRO PROGRAM 



Figure 10. Instruction Read Timing 
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Initialize Control 



System initialization is performed by de-energizing the System Clear (SCLR) relay (12H9 and 12A4). This relay is de 
energized as a result of one of the following conditions. 



1. Placing the Processor in the OFF position. 

2. Operating the Processor Initialize key. 

3. Activating PFDTO by the watchdog timer feature of the optional Loader Storage Unit or other external source-. 

4. Activating PFDTO from the optional Primary Power Fail detection if the AC input level falls below a mini- 
mum operating level. 

H. Loss of either i 5VDC or 15YDC from the Processor power supply. 



The SCLR function provides an orderly shut down of the Processor as well as a reset signal to both the memory and the 
Multiplexor Bus. On a power up, the SCLR relay remains deactivated until all DC voltages are in regulation. This as- 
sures predictable initial states of latched functions. 

An Early Power Fail indication is provided to the user program if Bit 2 of the PSW is set. This indication is provided 
by the micro-program by means of a machine malfunction interrupt swap. 

Upon receipt of a power down indication, PFDTO (12D7) active, by the hardware, the one millisecond timer (12G7) is 
triggered. The leading edge of this pulse sets the Early Power Fail flip-flop (12K4) which in turn enables, if PSW Bit 2 
is set, a branch on machine malfunction to be taken by the micro-program. The micro-program then issues a Command 
Reset Parity to differentiate between a power fail indication or either an Early Power Fail or Parity Fail. If this Com- 
mand, RPARO active, is not successful in resetting the machine malfunction indication, Power Fail is indicated and the 
micro-program commences its power down routine. In the event the machine malfunction indication was reset, the micro- 
program causes a machine malfunction interrupt swap and if the machine malfunction was caused by an Early Power Fail, 
the less than flag is set in the condition code of the new PSW by copying the contents of the Buffered Early Power Fail 
flip-flop BEPF (12M4) on the Load PSW (LPSW1 active) micro-instruction. On the trailing edge of the pulse from the one 
millisecond timer, the Power Fail flip-flop (12HG) becomes set, initiating a power down sequence. 

The optional Primary Power Fail Detector (Sheet 12) monitors the AC input by sampling the secondaries of a 12VAC 
transformer, C x and C 3 , from the Processor power supply. If the AC is lost or if the AC falls below a preset level, 
PFDTO (12K9) and POWDNO (12K7) become active. PFDTO initates the power down sequence and POWDNO provides a 
fast discharge path for Capacitors C 5 and C 6 which de-energizes the SCLR relay and holds the relay off in the event the 
AC is fluctuating about its preset power down level. 

5.4 Read-Only-Memory 

The Read-Only-Memory (ROM) is a high-speed, solid-state, non-destructive memory used to hold the micro-program. 
The ROM is organized into pages of 250 20-bit words. Each page of ROM contains five integrated circuit (IC) packages 
arranged such that each integrated circuit holds four-bits of each word on the associated page. 

The Model 7/16 micro-program is complete in three ROM pages and fifteen ROM integrated circuits. Three additional 
ROM integrated circuits comprise the Decoder ROM (DROM). 

Each ROM integrated circuit has two enable leads. Both enables have to be low before a read-out is obtained. If the en- 
ables are false, the four data output leads are high. Address decoding is done internal to the IC. 

5.4. 1 Decoder Read-Only-Memory. The Decoder Read-Only-Memory (DROM) consists of the three ROM inte- 
grated circuits shown on Sheet 4. Each IC contains 256 four-bit words. The DROM is addressed by a decoded function 
of the eight most significant bits of the Instruction Register (Op Code field). Each of the 128 possible combinations of 
this decoded function may address two locations in the DROM depending on the state of RD021. When this function is low, 
one of the first 128 words of the DROM is selected, corresponding to a micro-code Dl, when high, the second half is se- 
lected and a D2 is indicated. If an Illegal instruction is decoded by the hardware, the DROM is disabled. 
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5.4.2 ROM Address Register. The ROM Address Register (RAR) (Sheet 4) is a ten bit register which is loaded 
from the false SRAXXO bus. This bus contains the data from the DROM during a Decode micro-operation and the HD 
register during a Branch micro-operation. Tn addition, SRA120 is forced low if an Illegal instruction is detected (9R4) 
and SRA130 is forced low for a data transfer in the Ilalfword (16-bit) mode. The eight least significant bits of this reg- 
ister are arranged as a counter so that sequential ROM addresses, in a given page, may be selected. 

5.4.3 ROM Data Register. The contents of the ROM from the selected address are loaded into the ROM Data 
Register (RD) (Sheet 5) on the trailing edge of Clock RD (CKRDO). The RD is a 20 bit register which can be though! of 
as the micro-instruction register. Refer to the Micro-Program Description section of the specification for the micro 
instruction word format. 

The RD is initialized by SCLR on a power up to cither an X'30100', in the normal mode, or an X'30102' with Ihe auto r<>* 
start option installed. This is decoded as an unconditional branch to either address X'LOO' or X'102' which starts the 
micro-program execution at the specified location. 

5. 5 Processor Registers 

The majority of instructions in the micro-program are concerned with moving data from one Processor register to an- 
other. This transfer takes place by way of the 16-bit B and S Buses and modification of the data, under control of the 
micro-program, is done by either the Arithmetic Logic Unit (ALU) or the Shifter. Most of Ihe Processor registers are: 
general purpose but a few of them perform special functions. Each register is described in the following paragraphs. 

5.5.1 Memory Address Register and Memory Address Slave. The Memory Address function of the Model 7/l(? 
is accomplished in two steps. First, the selected address is loaded by the micro-program into the Memory Address 
Register (MAR) and then, the hardware copies the contents of the MAR into the Memory Address Slave (MAS) at the be- 
ginning of a memory cycle and presents this address to the memory. The micro-program is then free to modify the 
contents of the MAR. 

Both registers are 16-bit registers and are shown on Sheet 16. The MAR is loaded from the S Bus whenever either the 
MAR or the LOG is specified as a destination and its outputs are dumped onto the B Bus if MAR is decoded as a source 
register or are loaded into the MAS at the beginning of a memory cycle on the leading edge of LMASO. 

5.5. 2 Memory Data Registey . The Memory Data Register (MDR) is shown on Sheets 18 and 19. This register 
is divided into two parts MDR High and MDR Low and each half is located on its corresponding Processor board CPU-Ill 
and CPU-LO. On a memory read operation, the MDR is first direct cleared by either CLMDHO or CLMDLO and then 
each active bit from the memory Strobed Data Lines (MS000:160) direct sets its corresponding bit in the MDR. The 
MDR may. also be loaded from the S Bus when it is specified as a destination register by the micro-program. When load 
ing from the S Bus, if Cross Shift is specified, only MDR High is loaded when Bit 15 of the MAR is set and only MDR km 
is loaded when Bit 15 is reset. 

The outputs of the MDR are presented to the Memory during the write portion of a memory cycle, to the B Bus if MDR 
is a source register and, to the Instruction Register in the case of an Instruction Read. 

5.5.3 Instruction Register . The Instruction Register (IR) is a 16-bit register which stores the user instruction 
presently being executed. The IR is divided into three parts or fields; OP code field (Bits 0:7), YD field (Bits 8:11), ani 
YS field (Bits 12:15). The IR is loaded from the MDR, by the hardware, on an Instruction Read. Refer to Figure 10 for 
timing information. 

The Op Code field, (Sheet 9), contains the encoded instruction to be performed. Its outputs are decoded by the hardware 
and presented as address to the Decoder Read Only Memory. Of the possible 256 combinations 96 are defined as legal 
instructions and have unique entry points in the micro-program. The remaining 160 combinations are directed by 
either the hardware or the firmware to the illegal instruction entry point in the micro-program, address X'008'. 

The YD field is defined as the user destination field. YD selects one of the sixteen General Registers, in the Processor, 
in which the result of the user instruction is to be stored. This portion of the IR (Sheet 21) is arranged as an up/down 
counter. If YDP1 is specified as either the source or destination of a micro-instruction, the YD field of the IR is incre- 
mented by one at the end of the instruction. Likewise, if YDM1 is specified, YD is decremented by one. 

YS is the user source field of the instruction being emulated. The second operand of the instruction is contained in the 
General Register specified by YS for RR format instructions. This field also contains the number of the General Register 
being used as the index register on an RX or an RS instruction or the actual hexidecimal number in a short form instrucr 
tion. Refer to User's Manual , Publication Number 29-261, for instruction format information. 
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Arithmetic Register (AR) (Sheet 23) is used to hold the second operand of the 

Add, Subtract, OR, AND, or Exclusive OR micro-instructions. The AR may be loaded from the S Bus when it is spec- 
ified as the destination of a micro-instruction and its outputs form the 'TV inputs to the ALU for all micro-instructions 
except a Command, as Ions as NO AR (NA) is not specified. In the case of the Load micro-instruction, even though I he- 
information is present at the B inputs to the ALU, this input is ignored. 

5 - 5 - 5 Flag Register and Condition Code . The Flag Register (FLR) (Sheet 21) is a four bit register which eon- 
tains the Carry Flag (C), the Overflow Flag (V), the Greater Than Flag (G), and the Less Than Flag (L). Hie outputs 
from the FLR are copied into another four bit regisier, the Condition Code, at the end of each user instruction being 
emulated. These flags represent results of instructions not otherwise indicated. 

The FLR is loaded from the S Bus whenever either the FLR or the Program Status Word (PSW) register is specified as 
a destination. The contents are copied into the Condition Code on an Instruction Read (sec Figure 10) or on a Load mi- 
cro-instruction if JAM CC is specified. The outputs from the Flag Register are also used by the Branch Circuit (Sheet 
8) for conditional branches. The contents of the CC arc copied onto the 15 Bus Bits 12:15) when the PSW is specified as 
the source register. 

The following conditions also modify the FLR: 

1. Carry Flag - The C-flag changes on any Arithmetic, Boolean, or Load (except Load Immediate or 
Load I/O) micro-instruction if carry out is specified. It sets if B Bus Bit is set on a Shift Left, 
if B Bus Bit 15 is set on a Shift Right, if Carry Save (CSV1) from the ALU is set on an Add, or if 
CSV1 is inactive on a Subtract. For all other cases the C Flag is reset. 



2. Overflow Flag - The V-flag is direct set if false sync is detected on an l/O operation and is changed 
on any Add or Subtract micro-instruction if No Flags (NF) is not specified. The V flag is set on an 
Add if the sign of the number on the B Bus is positive and the sign of the B Bus is the same as the 
sign of the A Bus (Arithmetic Register) and the resulting sign (S Bus) is negative or the number on 
the B Bus is negative and the sign of the B Bus is again the same as the sign of the A Bus and the re- 
sult is positive. This flag is also set on a subtract operation if the sign of the B Bus is positive and 
the signs of the B Bus and A Bus differ and the result sign is negative and the B and A Bus signs dif- 
fer and the result is positive. For all other combinations of A, B, and S Bus signs on Adds and Sub- 
tracts, the V-flag becomes resc;. The following Boolean expression also defines the setting of the 
V flag: 



V - ADD • B000 • (B000©GA000) • S000 



+ ADD • B000 • (BOO0©GAO0C) • S000 



+ SUB • B000 • (BOOO©GAOO0) • S000 
+ SUB " B000 • (B000©GA000) • S000 

3. Greater Than and Less Than - These flags change on any Arithmetic or Boolean micro-instruction 
as long as NF is not specified. The G-flag is set if the result of the operation (S Bus) is positive or 
if the result is zero and either the G or L flag was set from a previous operation. The L flag is set 
if the resulting sign is negative. Either flag is reset if these conditions are not met. 

5 - 5 - 6 Register Stack. The Register Stack shown on Sheet 25 consists of 20 16-bit registers, 16 of which are the 
General Registers specified by the YD and YS fields of the IR. The remaining four registers are defined as PSW, LOC, 
MRO, and MR1 and are collectively called Micro-Registers. These registers are loaded from the S Bus and are un- 
loaded onto the B Bus. 



The register stack consists of 20 19-041 four-bit by four-word register files arranged in a four by five array. Each 
IC has a read enable and two read select lines, and a write enable and two write select lines. This allows a stack 
register to be used as both a source and destination in the same micro-instruction. Each enable line selects a group of 
four registers in the array and the select lines select one register of the group that is enabled. Since the contents of the 
CC register are gated onto the B Bus if PSW is specified as the source by the micro-program, only the first three ICs in 
the array are selected for this special case. 

The source and destination decoding for the General Register portion of the stack is located on Sheet 24 and micro-stack 
decoding is found on Sheet 6. Refer to the truth table on Sheet 25 for word selection information. 
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5.(5 Shifter and Latch 

The Shifter/Latch circuit (Sheet 22) takes the data on the B Bus, manipulates that data and stores it (when CLK1 is ac- 
tive) prior to presenting it to the A inputs of the ALU. The shifter can load, shift left, shift right, or cross shift (he B 
Bus data. The function performed is determined by the state of the A and B inputs to the eight shifter TCs. A truth tablt 
defining these inputs is provided on Sheet. 20. The 19-073 ICs which comprise the shifter are tri- state devices. When 
the S inputs to the shifter are at a logical ZERO level, the chips are enabled and the specified function is performed, if 
these inputs are high, the outputs of the shifter are disabled and assume a high impedance state. 

The cross coupled flip-flops at the output of each state of the shifter latch the data, on the Gated' 15 Bus (GI5000- 1 .10) dur- 
ing the time that CLK1 is active. This prevents the data, which may be changing on the B Bus at this time, from being 
felt at the inputs to the ALU when CLK1 is active. 

5.7 Arithmetic Logic Unit (ALU) 

The Arithmetic Logic Unit (ALU) consists of four 19-039 four-bit ALU packs and one 19-040 Carry Look-Ahead pack. 
The ALU is shown on Sheet 23. 
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Each 19-038 ALU pack develops four-bits of the low active S Bus. The internal Carry Propagated (CP) from the most 
significant stage of the ALU pack and the Carry Generated (CG) for the most significant stage (CPXX1 and CGXX1) are 
applied to the 19-040 Carry Look- Ahead pack to develop the Carry into the next more significant ALU pack (CNXX1). 
Only the carry output of the most significant ALU chip is used (CSV1) (23C9). Each function of the ALU that is used is 
described in the following paragraphs. All gate references are to the arbitrary labels on Figure 11. The mnemonics 
indicated are the actual symbols used as reference on the ICs (23D6). 
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Figure 11. Least Significant ALU Stage 
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5. 7. 1 Load. The ALU is conditioned to the Load mode on any Load micro-instruction. In this mode, Gates 1 , 
2, 3, and 4 are enabled by SOI, Sll, S21, and S31 respectively, and Gate 8 is disabled by Ml. Since both Gates 1 and 2 
are enabled, at least one of their outputs are high producing a low at the output from Gate_5. The state of Gate 6 is the 
inverse of Ao. If Ao is Low,_thc output of Gate 7 is high and the output of Gate 8-is Lo\y_(Fo). For Ao high, the inverse 
is true at each stage causing Fo to also be high. Therefore, in this mode, the state of Fo is the same as the state of Ao 
independent of the Bo input. The state of the Gated B Bus is passed, unmodified, to the S Bus. 

;>.7.2 AND. The AND function produced by the AND micro-instruction conditions the ALU to logically AND 
each bit of the Gated B Bus with the gated outputs of the AR. In this mode the output equation for Gate 5 is (Bo • Ao) and 
the output equation for Gate 6 is (Ao). The simplified expression for the output from Gate 7 is then (Ao • Bo). Since 
Gate 8 is disabled by the Ml input to the ALU, its output is high causing the output from Gate 9 to be defined by the same 
equation as the output from Gate 7, the AND function. 

5. 7. 3 OR. The OR micro-instruction causes each bit from the B Bus to be logically ORed with the correspond- 
ing bit from the gated output of the AR. Gate 5 produces a low because of the complimentary Bo inputs. The output 
equation for Gates 6 and 7 is (Ao + Bo) which corresponds to the Fo output from Gate 9\ 

5.7.4 Exclusive OR . The Exclusive OR micro-instruction produces a logical low at the S Bus if the correspond- 
ing bits on the Gated B Bus and the gated outputs of the AR are at different logic levels. The expressions for the outputs 
from Gates 5 and G are (Ao • Bo) and (AoBo) respectively. The function of the output from Gate 7 is; therefore, AoBo - 1 
AoBo, the Exclusive OR function. Since, once again, the output from Gate 8 is high, Fo is the same as the output from 
Gate 7. 

5. 7. 5 Add. The ALU is conditioned to the Add mode on either a command or an Add micro-instruction. Mote 
that with the exception of the Ml control line, Add is the same as Exclusive OR. The Ml control line enables the carry 
network internal to the ALU device so that the output from Gate 8 is CN. Fo now becomes CN(AoBo + AoBo) -'- CN(AoBo : 
AoBo). Figure 11 shows only the least significant stage of the 19-039 four bit ALU. The next three stages are identical 
except for the internally propagated carry. 

5.7.6 Subtract. The Subtract function produced by the four-bit x\LU device is A-B-l. For this reason, the 
carry in to the least significant stage is inverted by the Exclusive OR gate £23B3) on a Subtract micro-instruction. The 
output equation for Gate 5 is (Ao • Bo) and the equation for Gate 6 is (Ao r Bo ). Ga te 7 pr oduces a high output when the 
equation (Ao • Bo + AoBo) is satisfied. The output function, Fo •-- CN(AoBo -f AoBo) ■+ CN(AoBo + AoBo), yields A-B. 



5.8 I/O Control 



An I/O operation is initiated if I/O is the Source or Destination of a Load micro-instruction. The I/O control logic is 
shown on Sheet 10. If I/O is a source, then an input operation is initiated if I/O is a destination, an output operation is 
indicated. I/O timing is discussed separately for input and output. 



5. 8. 1 Input. Refer to Figure 12 for input timing information. 



When I/O is specified as a source, IO IN (lOll) (10G2) is decoded. On the trailing edge of the next clock, the Control 
In flip-flop sets, enabling the specified control line. The zero output of the Control In flip-flop is inverted to generate 
ULDIOl (11D9) which gates the D Bus onto the B Bus for presenting the data to the specified Destination Register. On the 
receipt of SYNO (10C1) or the detection of False Sync, the Sync flip-flop sets, allowing the Control In flip-flop to reset. 
This disables the active Control Line, causes the device to raise the Sync Line, and allows the resetting of the SYNC flip- 
flop. The I/O operation is now complete and a new micro-instruction can be executed. 

5. 8. 2 Output. An I/O out is very similar to the input operation except that the two micro-instructions are re- 
quired for completion of the operation. The first instruction activates the I/O Out (IOOl) line (10G2) but does not specify 
a Control Line. The first step generates a Stop I/O (STPIO0) (10J5) if the SYNC flip-flop is still set from a previous op- 
eration. If the Sync flip-flop is reset, the next micro-instruction is performed. This micro-instruction* besides gen- 
erating IOOl, specifies a control line which activates CONT1 (10G2). CONT1 and IOOl gate the data from the S Bus to 
the D Bus, LDIOl active. On the next clock the Control Out flip-flop sets and the specified control line goes active. The 
output operation now progresses in the same manner as the IO IN discussed above. Refer to Figure 13 for this timing 
information. 
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Figure 12. I/O IN 
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THE SYNC FLIP-FLOP IS SHOWN INITIALLY SET FROM A PREVIOUS I/O OPERATION 



Figure 13. I/O OUT 
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5. 9 Memory Control and Timing 

The memory control logic in the Processor is round on Shcel 14 of the schematics. Refer to Figure 14 for Memory Con 
trol and Timing information. 

All memory operations, both Processor and I 1 b\ , are initiated by activating SF11 (14K4). This function triggers the 
One Shot (15E1) which starts the memory timiau ;md in addition enables the setting of the Fll flip-flop (14K5) and die 
Memory Busy (BSY) flip-flop (1445). The Ft 1 i'lr.- flop is s<4 for one system clock (250 ns) only. It is used to clear the 
MDR on a read operation and to copy the memory address from the MAR to the MAS. If a memory read was indicated 
by the micro-program, the Read flip-flop sets on the same clock that set the Fll and BSY flip-flops. The Read 'flip-flop 
is set for two clocks and is used to indicate Data Jnavailable, generate MSTOP0 (1.TF3) if the MDR is specified as a 
source when the flip-flop is set, and to enable die loading of the MDR from the Memory Strobed Data Lines (MSO00- HiO). 
For Processor initiated memory cycles, the ]':""''Ossnr Memory Busy (PBSY) (14S5) flip-flop is set as well as the BSY 
flip-flop. This function prevents the loading of Ihe MDR CMSTOPO) and its trailing edge sets the Parity Fail flip-flop 
(17M5) if the parity option is installed and a parity error is detected. Both Busy indications are reset on the third sys- 
tem clock. 

[f a device interfaced to the DMA port of the Processor requests a memory cycle, REQO (14M1) becomes active. This 
causes the ENO flip-flop (14L5) to become set. When ENO is active and the memory is not busy, the Processor Select 
flip-flop (14II5) and the ENO flip-flop reset, initiating a memory cycle. 

The logic for generating the memory timing is shown on Sheet 12. Its outputs are presented to the memory in the Model 
7/16 system. The initiation of a memory cycle is described above and the timing is shown in Figure 14. 

5. 10 . Display System 

The Display System provides, if the Hexadecimal Display Panel is present, a means for reading the contents of all the 
system registers and any core memory location, together with the capability of manually entering data and programs. 
Figure 15 shows the Hexadecimal Display Panel layout. Within the Hexadecimal Display Panel are five eight-bit byte 
Display Registers, Dl through D5, that hold data output from the Processor, and a 20-bit Switch Register which stores 
data input from the Hexadecimal Keyboard. 

Associated with each Display Register Dl through D4 are eight indicator lamps that provide a binary read-out and two 
optional hexadecimal read-out indicators. Associated with Display Register 5 are four indicator lamps for binary dis- 
play and one optional hexadecimal read-out indicator. 

The most significant four bits of Display Register D5 (Bits 0:3) control four of the five indicator lamps along the left 
edge of the Hexadecimal Display Panel. The fifth indicator lamp is controlled by logic internal to the Hexadecimal Dis- 
play Panel. To the right of each of these five lamps is a diagram that defines what is being displayed. In general, only 
one of the diagram lamps is on at a time. If none of the diagram lamps are on, a user program has written data to the 
display registers. 

The mos,t significant 20-bits of the display show the contents of Display Registers D3 and D4 and the least significant 
four bits of Display Register D5 (Bits 4:7) or the contents of the 20-bit Switch Register. When the Switch Register is 
being displayed, the lamp next to the Switch Register diagram is illuminated. Any other diagram lamp that may have 
been on, remains on. When the Switch Register is no longer displayed, its diagram lamp goes out and the most signifi- 
cant 20-bits of the display again shows the contents of Display Registers D3 and D4 and the least significant four bits of 
Display Register D5 (Bits 4:7). 

The Key Operated Security Lock is a three-position, OFF-ON-LOCK, key-operated locking switch, which controls the 
primary power to the system. This switch can also disable the Hexadecimal Display Panel, thereby preventing any 
aceideritical manual input to the system. The power indicator lamp (PWR) associated with the key lock is located in the 
lower right corner of the Hexadecimal Display Panel. The PWR lamp is on when the key lock is in the ON or LOCK 
position. The relationship between the key lock switch positions, primary power, the Control keys, and the Hexadecimal 
keys is: 

OFF The primary power is OFF. 

ON The primary power is ON and the Control keys and Hexadecimal keys are enabled. 

LOCK The primary power is ON and the Control keys and Hexadecimal keys are disabled. 

The Hexadecimal Display Panel operating procedures may be found in the appropriate User's Manual. 



This information is proprietary and is supplied by INTERDATA for the sole 

purpose of using and maintaining INTERDATA supplied equipment and shall 

28 not ue use d ,or an y °' ner purpose unless specifically authorized in writing. 



1EM0RY READ INSTRUCTION 



EXAMINE WO 




Memory Control and Timing 



CLK1 



MEMORY READ INSTRUCTION 

V 




Memory Timing 



Figure 14, Memory Control and Timing 
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Figure 15. Hexadecimal Display Panel 



The Display Controller, built into the Processor, is shown on Sheet 26. Unlike most I/O controllers, data transfer does 
not take place over the D Bus. Data from the Hexadecimal Display Panel is gated directly to the B Bus, B08 : 14, and the 
content of the S Bus, S08:15, is gated by DAG1 and sent to the Hexadecimal Display Panel. Data is transmitted between 
the Hexadecimal Display Panel and the Display Controller one byte at a time. 

5. 10. 1 Data Transfer. When the display is in the Normal mode, all data outputs are directed into Display 
Register Dl. Conditioning the controller to the Incremental mode, via an Output command, causes the four bit counter 
(26H7) to be incremented at the trailing edge of DAG1. This counter directs the one-out-of-ten decoder (26118) to act- 
ivate LAO, in response to the first DAG1 and then IBO for all subsequent DAGl's until the counter is initialized. In 
this mode, the first DA loads Display Register Dl, the next DA loads Display Register D2. The next two DAs load 
Display Registers D3 and D4. This counter is initialized by SCLRO, by an Output command placing the controller in 
the Incremental mode, or whenever the display is addressed and the Normal mode is selected. 

Input data from the Switch Register on the Hexadecimal Display Panel is handled in a similar manner as output data. 
In the Normal mode or on the first Data Request, (DR), if in the Incremental mode, Switch Register Bits 12:19 are read. 
The second DR, in the Incremental mode, reads Switch Register Bits 4:11. The two bit counter (26H5) directs the DR 
to the appropriate group of Switch Registers. This counter is initialized by the same function as the four bit counter 
discussed above and is incremented at the trailing edge of DRG1. 



NOTE 

Bits 0:3 are gated out as part of the status byte when address 
is read. 



5 - 10 - 2 Control Logic. When the display requires micro-program support, it generates two outputs, ESNO0 
and ESNCO, which are latched in the RS flip-flop at 26C2. The output of this flip-flop sets the Console Attention flip- 
flop (CATN) at 26F1. This flip-flop is reset by GADRO when the Processor addresses the display. 

When the SGL function switch is depressed, SSGL1 becomes active (26A3) and ESNCO and ESNO0 are generated which 
caused the Single flip-flop (26G3) to become set. This flip-flop remains set until another execute is generated and the 
SGL function is not selected. 



5.10.3 Status Input. 
SD00:07 lines by the SRGO lead. 



The status byte encoding is shown in Table 7. The status byte is gated onto the 
SRGO gates the SD00 : 07 lines onto Bits 08:15 of the B Bus. 
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TABLE 7. DISPLAY STATUS AND COMMAND ENCODING 
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;). 11 Basic Switch Control Panel (Figure I r, i 

Peter to Functional Schematic n2-272P0s. The Fasic Switch Conlrol Panel provides a means by which a program, pre- 
viously loaded into memory, can lie executed without 1he aid of (lie optional Control Console. 

This panel provides a means of controlling (he svsfem power, initializing the syslem, and generating a Console Atlentun 
(FCATXIi lo start program execution, if I he Primary Power Fail /'Auto Restart option is not installed. } 
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Figure K,. Basic Control Switch Panel 

This option conditions the Processor to the Run mode by grounding SSGL1, SD011, SD021, and SD031 at the Control Con- 
sole connector. The Display Controller, when addressed br the micro-program in the power up sequence, indicates the 
Run mode. With the Auto-Restart option present, program execution commences at the address specified in the Location 
Counter (LOC), when the system is turned on and without the Auto-Restart option the micro-program performs a normal 
power up sequence and then goes to the un-inlerru atablo Idle Loop until the Fxecute (EXE) switch is operated. When the. 
EXE switch is operated, program execution then begins as a novo. 

6. MAINTENANCE 

This section describes maintenance procedures which may be used to check and, if necessary, adjust the Processor. 

0. 1 Clock Timing 

There is only one adjustment associated with the system clocks. The variable capacitor, CI, on the CPU-Ill mother 
board, 35-440, is very stable and should not require field adjustment. The adjustment should only be changed after the 
test indicates that it is out of tolerance and there are no faulty components in the system. 

Clock timing is checked, with the use of an oscilloscope, by monitoring CLKJ at the Back Panel Pin 202-1 of either CPU- 
Ill or CPU-LO. The period of CLK1 should be 25C nanoseconds. Adjust capacitor CI to get the 250 nanosecond period. 
Refer to Section 5.2 of this specification for a description of the clock system. 

6.2 Memory Timing Adjustment (Figure 17) 

There is only one adjustment associated with the memory timing in the Processor. This adjusts the interval between the 
fall of CLK1 and the fall of ERO. All other memory timing relationships are under control of the basic Processor clock. 
Refer back to Figure 14 for memory timing information. 

The interval between the fall of CLK1 and the fall of ERO should be 120 nanoseconds (see Figure 17). This can be tested 
if the Display Option is installed, by grounding the SCATNO Test Point on the front edge of CPU-LO. The Control Con- 
sole rotary function switch should be placed in the Memory Read (MRD) position with the Single (SNG) Switch depressed. 
For systems without a display panel, this timing relationship can be checked during normal program execution. 
Sync may be obtained from the Ell Test Point (F) on CI"-U--iiI. Monitor CLK1 (202-1) and ERO (204-0) on CPU-Ill and 
adjust variable resistor, R129, for the proper timing relationship. 
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Figure 17. Memory Timing Adjustment 



6.3 Overall Processor Test 
Use the 06-106 Processor Test Program to perform a comprehensive test of the Processor. 
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7. MNEMONICS 



The following list provides a brief description of each mnemonic found in the Model 7/16 Processor. The 01-058D08 
source of each signal is also provided. 



MNEMONIC MEANI-NG 

ACKO Acknowledge Control Line. This signal starts the RACKO/TACKO daisy chain. 

ADDO Add micro-instruction decoded. 

ADRSO Address Control Line. 

ADR1 Output of the Display Controller's Address Latch. 

AMOD1 Address Modification Test Point to the Branch Logic. 

ANDO AND micro-instruction decoded. 

ATNO Attention Test Line from the I/O Bus. 



SCHEMATIC 
LOCATION 



10E9 

GMO 

10F9 

26M7 

2 ID!) 

OR 6 

9A7 



BCLK1 
BRANO 
BRCH1 
BRHH1 
BRHLO 
B000-150 



Basic Clock. A non-stopable clock used for memory timing and Test Aid control. 14A5 

Indicates a true branch was detected. 8R(> 

Branch. This indicates a branch micro-instruction. 7K7 

Indicates a true Branch was detected and RD041 is active. 9R7 

Indicates a true Branch was detected and RD041 is inactive. 8H6 

The B Bus which transmits data from the specified source to the Shifter. Sheets 5 & 11 



CGNDO 

CGXX1 

CKMDLO 

CKMDHO 

CKRDO 

CLFRO 

CLK1 

CLMDHO 

CLMDLO 

CLYDO 

CL070 

CMDO 



Ground Reference for system clock, CLK1. 

Carry Generated from the ALU to the look-ahead carry generator. 

Clock Memory Data Low. 

Clock Memory Data High. 

The clock used to load the ROM Data Register and increment the ROM Address 
Register. 

Clear Flag Register. 

The major Processor clock from which all other clocks are derived. 

Clear Memory Data Register High. 

Clear Memory Data Register Low. 

Clear YD pulse to the YD field of the IR. 

Control Line 7. This function provides an early power fail indication to devices 
on the I/O Bus. 

Command Control Line. 



12M2 
Sheet 23 
19B4 
18B4 
13N6 

20C7 
12M2 
14L6 
14M6 
7K4 
10D9 

10F9 
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MNEMONIC 

CMG1 

CMND1 

CONT1 

CPXX1 

CRYINO 

csvo 

cso 

DAGO 

DAO 

DCLK1 

DECOA 

DRGO 

DRO 

DSTOPO 

D000-150 

ENBY1 

ENHWO 

ENH1 

ENL1 

ENMSO 

ENO 

ERO 

ESNCO 

ESNOO 

EVENO 

EXDUO 

EXMBYO 



MEANING 
Command Control Line gated by the Display Controller's Address latch. 
Command micro-instruction decoded. 
Control Line Enable for I/O operations. 

Carry Progated from the ALU to the look-ahead carry generator. 
Carry In to the least significant bit of the ALU. 
Carry Save. Carry Out from the ALU. 
Cross Shift. Conditions the B Bus shifter to perform a Cross Shift. 

Data Available Control Line gated, by the Display Controller's Address latch. 

Data Available Control Line. 

Destination Clock. CLK1 gated with DSTOPO. 

Decode. A decode is specified by the micro-program. 

Data Request Control Line gated by the Display Controller's Address latch. 

Data Request Control Line. 

Destination Stop. Prevents the loading of any destination register when active. 

I/O Bus Data Lines. 

Enable Busy. Enables the setting of the Processor Busy flip-flop. 

Enable Halfword line from the DROM. 

Enable High. Enables the loading of the Memory Data Register High. 

Enable Low. Enables the loading of Memory Data Register Low. 

Enable MS. Gates the contents of the Memory Strobed Data Lines to the 
MDR on a Read operation. 

Enable signal to the Direct Memory Access Port. 

Early Read, used for Read memory timing. 

Execute Switch normally closed contact. 

Execute Switch normally open contact. 

Output from the memory parity generator/detector. 

External Data Unavailable. External input which may be used to extend the 
memory access time beyond . 5 microsecond. 

External Memory Busy. External input which may be used to extend the 
memory cycle time to more than 1 microsecond. 



SCHEMATIC 
LOCATION 

26(55 

7K2 

10G3 

Sheet 23 

23A1 

2 3D 9 

2 OB 7 

2GG6 
10E9 
21D4 
9R5 
26G6 
10D9 
13M4 
Sheet 11 

13E4 
4A5 
20B7 
2 OB 7 
14K7 

14M9 
15M2 
26B1 
26B2 
17II4 
14J1 

14J1, 
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MNEMONIC. ME ANING 

FA1 Output from the Processor Timing J'lip-flop, state A. 

FBYO Output from the Memory Busy flip-flop. 

FBI Output from the Processor timing flip-flop, state P. 

FCATN1 Output from the Console Attention flip-: k p indicating a request for 
console service 

FCITO Output from the Control Line In flip-flop. 

FCOTO Output from the Control Line Out flip-flop. 

FEPFO Output from the Early Power Eail Relay. 

FER1 Output from the Early Read flip-flop. 

FINCRO Output from the Display Controller's Incremental mode flip-flop. 

FINH1 Output from the Inhibit flip-flop. 

FINR1 Output from the Inr iction Read flip-flop. 

FLGLO Flag Register Greater Than or Less Than Set. 

FLR1 • Output from the Late Read flip-flop. 

FPARO Output from the Parity Fail flip-flop. 

FPBY1 Output from the Processor Memory Busy flip-flop. 

FPOW1 The ONE output from the Power Down flip-flop. Set by the micro-program to 
initialize the system. 

FPSEL1 Output from the Processor Select flip-flop. 

FPSW011 The ONE output from the Program Status Word, Bit 1, Latch. 

FPSW021 The ONE output from the Program Status Word, Bit 2, Latch. 

FRD1 Output from the Memory Read flip-flop. 

FSKIPO Output from the SKIP flip-flop. 

FSYNO Output from the SYNC flip-flop. 

FTITO Clock Stop signal from the Test Aid. 

FWAITO Active when the Processor is in the Wait State. 

FW1 Output from the Write flip-flop. 

Fll Active during the first CLK1 period of a memory operation. 

GARBLO Gated Arithmetic or Boolean. Arithmetic or Boolean operation gated by No Flags. 

GADRQ Gated Address. Address Control Line gated by the decoded address of the 
Display Controller. 

GARO Gated Arithmetic. Arithmetic operation decoded and gated by No Flags. 



SCHEMATIC 
LOCATION 

12H1 
14J6 
12G1 
2(IG2 

10E6 
10FG 
12L4 
15H2 
26E9 
15G5 
21E6 
21S9 
15H3 
17N4 
14S6 
7K5 

14J7 

9J4 
' 9J5 
14N6 
13J8 
10C5 
13B2 

7K5 
15H7 
14L6 

21M4 
26A6 

21K4 
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MNEMONIC 

GB000-150 

GCCB1 

GCRYO 

GCSO 

GRMSO 

GR00-30 

GW00-30 

HPAREO 
HWO 

ILLE1 

IMME1 

IMM1 '■ 

INHO 

INITO 

IOI1 

IOOl 

IR00-07 

IR 08-15 

LARO 

LAO 

LBO 

LCCO 

LCO 

LDFLRO 

LDIOl 

LDO 

LD1 

LIRHO 

LMARO 

36 



MEANING 

Gated B Bus. The output from the Shifter/Latch circuit to the ALU. 

Gates Condition Code to B Bus. 

Gated Carry. Enables the clock to the Carry Flag. 

Gated Cross Shift. Cross Shifted line gated by MAR15. 

Gated Read Micro Stack. Active when PSW is specified as the source register. 

Read Enable to the General Register Stack. 

Write Enable to the General Register Stack. 

Output from the high K-bits of the memory parity generator/detector circuit. 
Half word I/O test line from the active device. 

Illegal. This indicates that an illegal instruction was detected. 

Immediate. Decoded function used on a Load Immediate. 

Immediate micro instruction decoded. 

Inhibit, used for Write memory timing. 

Output from the system Initialize Switch. 

I/O Input operation decoded. 

I/O Out operation decoded. 

The outputs from the op code field of the Instruction Register (IR). 

The outputs from the YD and YS fields of the Instruction Register. 

Load Arithmetic Register control line. 

Load Display Byte A, to Display 2 Bits 8-15. 

Load Display Byte B, to Display 2 Bits 0-7. 

Load Condition Code from Flag Register. 

Load Display Byte C, to Display 1 Bits 8-15. 

Load the Flag Register from the S Bus. 

Load I/O. Gates data from S Bus to D Bus. 

Load Display Byte D, to Display 1 Bits 0-7. 

A Load micro instruction but not a Load Immediate. 

Load Instruction Register high., 

Load the Memory Address Register from the S Bus. 



SCHEMATIC 
LOCATION 

Sheet 22 

GFfi 

10L5 

20E6 

6F6 

24J8-R8 

24B9-24D9 

17F3 
10G9 

9R3 

8J9 

6G6 
15M6 . 
12B7 
10G2 
10G3 
• Sheet 9 

Sheet .21 

6M6 
26H9 
16H9 
10K5 
26H9 

9G9 
11B9 
26H9 

7K8 
21G9 

8L9 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
notbe used for any ether purpose unless specifically authorized in writing. 



MNEMONIC 



MEANING 



SCHEMATIC 
LOCATION 



LMDRO 
LMDR1 
LOADO 
LRARO 
LRO 



Load the Memory Data Register from the S Bus. 

Load the Memory Data Register from the S Bus. 

Any LOAD micro-instruction decoded. 

Load ROM Address Register. Enables the loading of the RAR. 

Late Read, used for Read memory timing. 



19B3 

8K4 

7K6 

13N7 

15M3 



MA000-150 Memory Address Bus to Memory Modules. 

MAR151 Output from the Memory Address Register Bit 15. 

MD000-160 Memory Data Bus to the Memory System. 

MDR001-151 Outputs from the Memory Data Register. 

MSKO Mask Test point to Branch Logic. 

MSTOPO Memory Stop. Stops all clocks except BCLK1 when active. 

MS000-160 Memory Strobed Data Bus from the Memory System. 

Ml The M input to the ALU decoded. 



OSCO 
OVAS1 
OVA1 
OVS1 



Shaped output frdm the System Clock Oscillator. 
Overflow enable function on an Add or Subtract. 
Overflow enable function on an Add. 
Overflow enable function on a Subtract. 



Sheet 16 
16R6 

Sheets 18-19 
Sheets 18-19 

21H9 

13J5 
Sheets 18-19 

20J7 

12D2 
20N7 
20L7 
20N7 



PDN1 

POFFO 

POP1 

POWDNO 



Power Down. Indicates the start of a power down sequence in the hardware. 

Output from the On/Off Power Switch controlling system power. 

Indicates that a memory operation is specified by the micro program, and that 
memory cyc^le is not supressed by the DROM. 

Power is Down. Resets the SCLR Relay. 



RAR060-150 The outputs from the RAR. 

RA1 Read Select to the 'A' inputs of the General Register Stack. 

RBI Read Select to the 'B' inputs of the General Register Stack. 

RD00-19 The outputs from the ROM Dai Register. 

REQO Request from the Direct Memory Access Port. 

RMSO Read Micro Stack. Active when either PSW, LOC, MRO or MR1 is specified as 
the source. 



12E7 

12B7 

4A5 

12J7 

4H1-4H7 
24G6 
24F6 

Sheet 5 
14M1 
6G6 
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MNEMONIC 



MEANING 



SCHEMATIC 
LOCATION 



RPARO 

RSTOPO 

SCATNO 

SCLRO 

SD001-071 

SEQ01 

SFCOT1 

SHCHY1 

SfflO 

SHL1 

SHR1 

SLOO 

SNGL1 

SRA060-150 

SRD000-150 

SRGO 

SRO 

STPIOO 

STPRDO 

svo 

S000-150 

SOI 

Sll 

S20 

S31 

TBRANO 
TEN1 

38 



Reset Parity. Active on a command Reset Parity by the micro program when 
attempting to supress a Machine Malfunction interrupt. 

ROM Stop. Stops CKRDO when active. 



Test Point which when grounded generates a constant console Attention indication. 

System Clear. Signal used to initialize the system on a power up or power down. 

Status and Data Bus to the Display Console. 

S Bus equals zero. 

Set Control Out flip-flop enable signal. 

Shifted Carry. Enables the setting of the Carry Flag on either a Shift Right or 
Shift Left. 

Input high Data Switches. 

Shift Left. Conditions the B Bus Shifter to shift the data left one place. 

Shift Right. Conditions the B Bus Shifter to shift the data right one place. 

Input Low Data Switches. 

Single. Test Point to the micro program indicating status of the Control Console. 

The Set ROM Address lines to the RAR. 

The outputs from the ROM used to load the ROM Data Register. 

Status Request Control Line gated by the Display Controller's Address latch. 

Status Request Control Line. 

Clock Stop signal for I/O operations. 

Stop RD. Test point which when grounded prevents incrementing the ROM 
Address Register. 

Set Overflow flag. Direct sets the Overflow flag when False Sync is detected. 

S Bus. Outputs from the ALU. 

The SO input to the ALU decoded. 

The SI input to the ALU decoded. 

The S2 input to the ALU decoded. 

The S3 input to the ALU decoded. 

True Branch. Stops CKRDO when active. 
Toggle ENO. Used to toggle the ENO flip-flop. 



7K3 
13J7 

26F1 
12A6 
26Rl-2f>RG 
23N7 
10G4 
21II3 

26J6 

20E7 

20F7 
■ 26J6 

26G3 
4D6-4D9 
4S2-4S7 

26E4 

10D9 

10J5 

13J6 

10B1 

20K7 

20J7 

20K7 

6N6 

13G7 

14E6 
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MNEMONIC MEANING 

ULAR1 Unload Arithmetic Register to the ALU. 

ULDIOl Unload I/O. Gates data from D Bus to B Bus. 

UMARO Unload the Memory Address Register to the B Bus. 

UMDRO Unload the Memory Data Register to the B Bus. 



SCHEMATIC 
LOCATION 

20G7 
LlEfl 

8K<) 

8J9 



VT 



Memory sense amplifier threshold voltage. 



14ES 



WAIT1 

WA1 

WB1 

WMSO 

WO 

YDESTO 

YDM1 

YDP1 

YDSO 

YSSO 

YSO 



Controls the state of the Wait indicator on the Control Console. 2GK4 

Write Select to the 'A' inputs of the General Register Stack. 24FG 

Write Select to the 'B' inputs of the General Register Stack. 24E6 

Write Micro Stack. Active when either PSW, LOC, MRO or MR1 is the destination. 6CG 

Write, used for Write memory timing. 15M7 

Active when either YD or YS is specified as the destination. 6BG 

YD Minus one. Decrement YD. GKG 

YD Plus one. Increment YD. GJ6 

YD is specified as the source register. ' GJG 

YS is specified as the source register. 6HG 

Active when either YD or YS is specified as a source. GBG 
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SELECTOR CHANNEL 



02-232M01R03A.2d 
Juno 1!)7-1 



M70I03 

NS SELECTOR CHANNEL 

INSTALLATION SPECIFICATION 



1. INTRODUCTION 



This specification provides the necessary information for the installation of the 02-232 Selector Channel (SELCH) (Prod- 
uct Number M70-103) in a Model 70, 74, 80, 7/16 or 7/16 HSALU Processor System. The NS Selector Channel is 
complete on one 35-391M02 printed circuit board. 

2. PHYSICAL CHARACTERISTICS 

2.1 Dimensions 15 3/8x14 7/8" 

2.2 Weight 2 1 pounds maximum 

3. INSTALLATION 

The NS SELCH may be installed in any even numbered universal expansion slot (i.e. , 0, 2, 4, or 6) in the Central Pro- 
cessor Unit (CPU) or in the first memory-I/O expansion chassis. See Figure 1. On 7/16 HSALU the NS SELCH 
may only be installed in Slot of the CPU back panel. 

To install a NS Selector Channel on a Model 74 or a 7/16 BASIC, the Selector Channel must be a 35-391M02. To 
install a Selector Channel on a 7/1.6 HSALU the Selector Channel must be a 35-391M02, R02 or higher. 

NOTE 

A' SELCH may be installed in slots 0, 1, or 2 
of a Model 80/85 CPU chassis only. In this case 
cutting of the multiplexor bus is not necessary. 

3.1 Back Panel Wiring 

3. 1. 1 Multiplexor Channel Bus. At the time of installation it is necessary to cut the Multiplexor Bus wiring be- 
tween the even numbered slot accepting the SELCH and the next higher numbered slot on the One (1) connector only. The 
RACK0/TACK0 daisy chain wiring on the back panel is rerouted according to Figure 1. The lower numbered card slots 
in the chassis become part of the private SELCH Bus on the One (1) connector only. 

For the convenience of cutting the Multiplexor Bus, the connections between every other slot are made using "top" wire 
wraps. (This refers to wire wrap back panels only. ) This allows the cutting of the bus by simply lifting the top wraps 
when the SELCH is installed in an even numbered slot. Refer to Figure 1 A during'the following example. 

To install a SELCH in Slot 4: 

1. Remove all wires on Connector One (1), between Slots 4 and 5, on Pins 11 through 26, Rows 1 and 2. (See 
backpanel map in 02-232M01D08 Sheet 7.) 

2. Remove the wire between 222-0001 and 122-0700. 

3. Remove the RACK0/TACK0 jumper between Pins 122 and 222 on both the Zero (0) and One (1) connectors of 
Slot 4. 

4. Connect 122-0700 to 222-0501. 

5. Install the SELCH into Slot 4 of the chassis. The private SELCH Bus now appears on the Connector One (1) 
side of Slots 4,3,2, 1, and 0. All slots on the Connector Zero (0) side and Slots 7, 6, and 5 on Connector One 
(1) side remain as standard Multiplexor Bus slots. 

To install a SELCH in any other even numbered slot of a CPU chassis or a Memory-l/O chassis, a similar procedure 
is followed. Refer to Figure 1 B, C, D, and E. 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



MEMORY 
I/O CHASSIS 




NOTE: THE CIRCLED NUMBERS ON ILLUSTRATIONS A.B.ANDC 
REFER TO THE CORRESPONDING NUMBERS IN THE 
FOLLOWING INSTALLATION PROCEDURES. 

TO INSTALL A SELECTOR CHANNEL IN SLOT 4 OF THE MEMORY 
I/O CHASSIS 

(j) CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(D JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

(3) THIS SECTiON BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN. I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR ZERO (CONN. 0) SIDE, AND 
SLOTS 7, 6 AND 5 ON CONNECTOR ONE SIDE REMAIN AS 
STANDARD MULTIPLEXOR BUS SLOTS. 

(4) IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

(5) EXTENO THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

© MEMORY MODULE 7, IF IT EXISTS, MUST BE LOCATED 
IN SLOT 3. 



B 



MODEL 70, 

7/16 OR 7/I6HSALU 

CPU CHASSIS 



2G 
I - 
- 



CONN 
A 



CONN I 
B 



122-0300 

r 



^ 



^i 



222-030 



XlLL 




J^ 



® 



IED 



X 



(D 



© 



TO INSTALL A SELECTOR CHANNEL IN SLOT 2 OF THE CPU 
CHASSIS 

(T) CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(2) JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

0) THIS SECTION BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN. I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE 
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS. 

© IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TOOTHER CHASSIS BY INSTALLING A CABLE HERE. 

© EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

NOTE: I 

IF A MEMORY I/O CHASSIS IS USED IN THE SYSTEM, 
ANY SELECTOR CHANNELS MUST BE INSTALLED IN 
THAT CHASSIS. 

NOTE: 2 

A SELECTOR CHANNEL MAY NOT BE INSTALLED IN 
SLOT 2 OF THE 7/16 HSALU. SLOT IS THE ONLY SLOT 
IN WHICH A SELCH MAY BE INSTALLED. 



MEMORY 
I/O CHASSIS 



7 -4- 



J "* 



OG 



CONN 
A 



CONN I 
B 



122-0700 



£E3* 



222-0701 




?T— X0 



TO INSTALL 4 SELECTOR CHANNELS (IN SLOTS 6, 4, 2 AND 0) 
OF THE MEMORY I/O CHASSIS 

CUT THE MULTIPLEXOR BUS IN FOUR PLACES. 

(2) JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

(3) EACH SELCH . EXCEPT THE ONE IN SLOT 0, HAS ONE 
SLOT AVAILABLE ON IT'S PRIVATE BUS. THE PRIVATE 
BUSSES CAN BE EXTENDED TO OTHER CHASSIS BY 
INSTALLING CABLES IN SLOT POSITIONS 0,1,3 AND 5 
ON CONNECTOR ONE (CONN. I ) SIDE. 

© ALL SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE 
REMAIN AS THE STANDARD MULTIPLEXOR BUS. THIS 
BUS CAN BE EXTENDED BY INSTALLING A CABLE HERE. 



<D 



MEMORY MODULES 5 AND 7, IF THEY EXIST, MUST BE 
LOCATED IN SLOTS I AND 3. 



© 



Figure 1. Backpanel Modifications 
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D 



MODEL 

7/16 OR 74 

CPU CHASSIS 




TO INSTALL A SELECTOR CHANNEL IN SLOT 2 OF THE CPU 
CHASSIS 

(T) CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(2) JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

(3) THIS SECTION BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN. I) SIDE QMLY. ALL 
SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE 
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS. 

(4) IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

(5) EXTEND THE MULTIPLEXOR BUS TO OTHE CHASSIS 
BY INSTALLING A CABLE HERE. 

NOTE: 

IF A MEMORY I/O CHASSIS IS USED IN THE SYSTEM, 
THE SELECTOR CHANNEL MUST BE IN SLOT OF THE 
CPU CHASSIS OR IN SOME SLOT OF THE EXPANSION. 



CONN 
A 



MODEL 80 
CPU CHASSIS 



122-0200 



* 



CONN I 
B 



239-0501 



~^L 




>(Z) 



TO INSTALL A SELECTOR CHANNEL IN SLOT 0,1 OR 2 
CHASSIS 

(T) JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPERS. 

(2) THIS SECTION BECOMES THE PRIVATE SELCH BUS ON 
THE CONNECTOR ONE (CONN. I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR (CONN.O) SIDE REMAIN 
AS STANDARD MULTIPLEXOR SLOTS. 

(3) EXTEND THE SELCH BUS TO OTHER CHASSIS BY 
INSTALLING A CABLE HERE. 

(4) EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

NOTES: 



IF A 17-183 CABLE IS INSTALLED BETWEEN CONNECTOR! 
ZERO AND ONE IN THE CPU CHASSIS. THIS CABLE MUf 
BE REMOVED PRIOR TO INSTALLING SELCH. 

NSTALLATION OF A SELCTOR CHANNEL OR OTHER 



2. THE 



I/O DEVICE CONTROLLER IN THE M80 CPU CHASSIS 
REDUCES THE MAXIMUM MEMORY SIZE BY I6K BYTES 
(ONE MSU) FOR EACH SLOT USED! 

ONLY ONE SELECTOR CHANNEL MAY BE CONFIGURED 
IN THE MODEL 80 PROCESSOR CHASSIS. 



Figure 1. Backpanel Modifications 
(Continued) 

3.1.2 ACTO/TACO . The ACTO/TACO jumplr between Pins 137-0 and 237-0 must be removed from the slot used 
by the SELCH controller. If the Selector Channel ifcnot the first Direct Memory Access (DMA) channel on the Memory 
Bus, jumper "K" on the SELCH controller must be Ifcmoved. Note that on a Model 74 only one DMA device is permitted. 

•i. NOTE (Not Applicable on Model 74) 

On installations with D§iltiple SELCH's, remove the "ENO" 
and the "INHO" filters 1m all but the last SELCH (Remove the 
following: R70, R72, £59 and C61). 

3.2 Cabling 

The cabling necessary for the SELCH depends on th* system's physical configuration. When the SELCH Bus does not 
extend outside the chassis, no cabling is required, rWhen the SELCH Bus must be extended to another chassis, a number 
of cable configurations can be used. See Figure 2. Care should be taken to minimize bus lengths. 



See Figure 2 for a summary of cables, 
on system configurations. 



Refer also jp User's Manual , Publication Number 29-261, for further details 
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CONN. 

"o" 


CONN, 
"l" 


15" CHASSIS 


7 
1 
1 
1 
1 



1 y-OOOl 








* — 17-19 4 


15" CHASSIS 


7 
1 

!ir- 

1 




i^^^TL 


"1 (__)♦- 0701 
I )-«-060l 






\— 


0700 





(a) connects two adjacent 15" chassis. the private selch bus appears 
#t both connectors and i of the lower chassis. note the data 
Channel does not appear in the lower chassis. 



15 CHASSIS 



15 CHASSIS 



\r 



0000 



17-193 



r 



0001 



0700 



J-W 122-0 

J/1 



•17- 194 



CJ 



0701 



222-1 



REMOVE JUMPER 



(B) USED TO CONNECT TWO ADJACENT 15" CHASSIS. THE MULTIPLEXOR BUS 

>PEARS AT CONNECTOR O.AND THE SELCH BUS APPEARS AT CONNECTOR 
WHEN USING THIS CONFIGURATION , THE RACKO/TACKO JUMPER FROM 
122-0, SLOT 7.T0 222-1, SLOT 0, MUST BE REMOVED FROM THE LOWER CHASSIS. 






* 



15 CHASSIS 



10" CHASSIS 




- (C) tONNECTS THE PRIVATE SELCH BUS TO A 10" CHASSIS ONE OR TWO CHASSIS AWAY. 



REMOVE 17-183 CABLE 



MOD 80/85 

CPU 

CHASSIS 



I / . 

CD— ---CD 



17-166 



(D) CONNECTS THE PRIVATE SELCH BUS AND THE MULTIPLEXOR BUS TO A 
l6 CHASSIS, ONE OR TWO CHASSIS AWAY. 



17-166 



Figure 2. Cabling 



4. ADDRESS STRAPPING 



The preferred address of the NS Selector Channel ii X'FO'. The controller is strapped for this address at the factory. 
To change the address, refer to Functional Schematic 02-232M01D08. The number and letter designations shown on 
the schematic refer to the designations on the apparatus side of the SELCII controller board. 

5. MODEL 80/85 STRAPPING 

For use with the Model 80 or 85 the following options must be exercised: 

1. Remove the jumper labled J located betwa*n IC 14 and 15. 

2. Change the jumper, above IC 53, from (L to X) to (L to 2). 

6. INSTALLATION CHECKS 

The NS SELCII is factory tested using a special higja speed device. Therefore, field checks are contingent upon the 
user having appropriate hardware and software available with which to exercise the Selector Channel. When the SELCII 
is used with Model 80 or 85, insure that the strap options on the SELCII have been made according to Section 5. 
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M70-103 
NS SELECTOR CHANNEL 

MAINTENANCE SPECIFICATION 

l. INTRODUCTION 

The 02-232M0.1 NS Selector Channel (SELCH) (Product Number M70-103) is a Direct Memory Access port (DMA) which 
provides block data transfer between a device controller and memory. Once initiated, the transfer is independent of thi 
Processor. The Processor sets up the device controller, loads the SELCH with the starting and final addresses of the 
memory block, specifies the type of operation (Read or Write), and issues a GO Command. The SELCH then handles 
the transfer without further direction by the Processor. 

The NS Selector Channel is complete on one printed circuit board and occupies one slot in a system chassis. The 
SELCH provides the drivers, receivers and termination resistors for the private SELCH Bus. This bus originates at 
Connector One (1) of the SELCH slot and extends to each lower numbered slot in the system chassis on the Connector 
One (1) side only. The private SELCH Bus can be extended to other chassis, as required. For installation information. 

refer to Installation Specification 02-232M01A20. 

2. SCOPE 

This specification describes the operation of the SELCH in its various modes; Setup, Memory Read, Memory Write, 
and Termination. Where necessary, this specification references the Multiplexor Channel Bus and Memory Bus oper- 
ations. These buses are described in detail in the User's Manual , Publication Number 29-261. 

3. BLOCK DIAGRAM ANALYSIS 

Refer to the SELCH block diagram on Sheet 7 of Functional Schematic 02-232M01D08, and the SELCH Flow Chart, Fig- 
ure 1, during the following analysis. Before initiating a data transfer via the SELCH, the device controller and the 
SELCH must be set up. The setup procedure is implemented by the Processor via the Multiplexor Bus (MPX-Bus). 
When the SELCH is in the Idle mode, the MPX-Bus is tied directly to the private SELCH Bus through the SELCH. This 
allows the Processor to communicate directly with any device on the private SELCII Bus. 

To prepare the SELCH for data transfer, the Address Register (AR) and Auxiliary Address Register (AAR) must be 
loaded with the starting address in memory where the transfer is to begin, and the Final Address Register (FAR) must 
be loaded with the address of the last memory location to be accessed. These registers are loaded from the eight least 
significant Data Lines D080:150 by four consecutive Data Availables (DAs) from the Processor. The first two Data 
Avnilnb.es simultaneously load the AR and AAR, which are 16-bit incrementing registers. The AR is incremented, by 
two, after each halfword is transferred to/from memory, and the AAR is incremented, by one, with each byte trans- 
ferred to/from the device. Data transfer is terminated when the AAR is equal to the FAR or when the AAR increments 
past its maximum value, X'FFFF*. 

Data transfer is begun by the Processor issuing a GO Command to the SELCH. Transfer to/from the device is now in- 
dependent of the Processor. The GO Command also prevents communication between the Processor and any device on 
the private SELCH Bus until the transfer is terminated and .the SELCH is addressed. 

Data transfer is controlled in the Move Data circuit by inspection of the four least significant bits of the Status Byte pre- 
sented by the active device on the private SELCH Bus. When any one of the three least significant bits are set, (EX, 
EOM, or DU), the transfer is terminated. Bit-12 (Busy) regulates the rate of data transfer. In the Memory Read mode, 
the actual data transfer begins witM a memory request, REQO active, as soon as a GO Command is issued. ' When the 
memory request is serviced by the Processor, the SELCH Memory Bus Control circuit activates Select (SEL) which 
gates the contents of the Address Register (AR) onto the Memory Address Bus, and gates a halfword of data from memor 
into the Data Register (DR). At the termination of the memory transfer, the data is loaded from the DR to the Data Buf- 
fer (DB) and the AR is incremented. 

NOTE 

Unless the SELCH has dropped REQO in time to 
remain selected during the next memory cycle, the 
SELCH is deselected by the rising edge of Inhibit 
(INHO) after the halfword has been transferred. 

This information is proprietary and is supplied by INTERDATA for the sole 1 
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Once the DB is loaded, data transfer to the device over Private Data Lines PD000:150 is initiated and, when applicable, 
a request is made to fetch the next halfword from memory. This cycle continues until either a match is detected be- 
tween the contents of the Auxiliary Address Register and contents of the Final Address Register, or until the transfer 
is aborted due to an error condition. 

In the Memory Write mode, the data transfer sequence described previously for Memory Read mode is reversed. That. 
is, two bytes of data are loaded into the DR from the device prior to a memory request and the data flow is from the de- 
vice to the DR, DR to the DB, and finally into memory. 

The Branch Gate circuit and the Move Data circuit control the flow of data between memory and the device. The Branch 
Gate supervises the overall data flow, while the Move Data circuit performs the handshaking between the SELCH and the 
active device on the private SELCH Bus. 

Upon termination of the data transfer, the program is notified via an interrupt and by the inactive state of the SELCH 
Busy flip-flop which is presented to the program as Bit-12 of the SELCH Status Byte. 

Selector Channel Status and Command Byte Data is shown on Table 1. 

TABLE 1. SELECTOR CHANNEL STATUS AND COMMAND BYTE DATA 



BIT 
NUMBER 





1 


2 


3 


4 


5 


6 


7 


STATUS 
BYTE 










BSY 








COMMAND 
BYTE 






READ 


GO 


STOP 









BSY When this bit is set, a one shot generates the EBS1 pulse to start the appropriate 

SELCH operation. When this bit is cleared an interrupt is generated. 

READ This command, Bit-2, sets the Memory Write (WT) flip-flop. The controller on the 

SELCH Bus is setup for a device Read operation. 

GO This command, Bit-3, clears the MSC flip-flop and sets the BSY flip-flop to initiate 

the Data Transfer mode. 

STOP This command, Bit -4, from the Processor clears the BSY flip-flop and initializes the 

Load/Unload Sequencer. During the Data Transfer mode, execution of the command is 
delayed until the end of a memory cycle, if one is in progress. 

4. FUNCTIONAL DIAGRAM ANALYSIS 

4.1 Introduction 

This section relates to Functional Schematic 02-232M01D08, Sheets 1 through 6. Note that in INTERDATA functional 
schematics, the last character in the mnemonic symbol designates the logic. level when the signal is active. For exam- 
ple; D080 is Data Line Number 8 (D08). The last character (0) inidicates that when D080 is active, the line is at a log- 
ical Zero level. 

4.2 SELCH Control Circuit 

In the Idle mode, the SELCH Address (2M8), Busy (3F3), and Multiplexor-SELCH (MSC) (3FA) flip-flops are reset and 
the private SELCH Bus is tied directly to the Multiplexor Bus. This allows the Processor to communicate, via the 
Multiplexor Bus, with any device on the private SELCH Bus. 

To communicate with the SELCH, it must first be addressed. The SELCH Address (X'FO' preferred) is placed on Data 
Lines D080:150 (1A3^8) and the Address control line is activated (ADRS0)(4B8). The SELCH Address is decoded by the 
four input NAND gate (1F4) and the Address flip-flop is set (2M8). The set output from the Address flip-flop (AD1)(2J7), 
when active, prevents the control signals on the MPX-Bus from passing onto the private SELCH Bus by holding the Con- 
trol Line Gate inactive (CLG1) (1B2). Capacitors C33 and C34 (4D8) delay the propagation of the Private Address con- 
trol line (PADRSO) (4F9) to the SELCH Bus, so that when the SELCH is being addressed PADRSO does not become ac- 
tive. This delay allows the SELCH to be addressed without resetting the Address flip-flop of the active device on the 
private SELCH Bus. 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



The simultaneous loading of the Address Register (AR) and Auxiliary Address Register (AAR), and the loading of the 
Final Address Register (FAR) is accomplished by four consecutive Data Availables (DAs) from the Processor. The 
Load/Unload Sequencer (2L2) controls the loading of these registers (AR, AAR, and FAR) and the unloading of the AAR. 
The sequencer is set to its initial state by the termination of the last data transfer, a Stop Command, or a System Clear 
(SCLR0)(4MS) so that the first DA, through Data Available Gate (DAG0)(2L4), will activate Load Address Register High 
(LARH0)(2S2). 

LARHO gates Data Lines DA081:151 (1D3-8) into the eight most significant bits of the AR and AAR. The rising edge of 
the first and each successive Data Available Gate (DAG0)(2L4) increments the sequencer and allows the next DA to acti- 
vate the next load line. The second DA loads the eight least significant bits of these registers. The third and fourth 
DAs will then load the Final Address Register in the same order. The contents of the AAR may be inspected, via the 
program, by issuing two Data Requests (DR) to the SELCH whenever the Load/Unload Sequencer is in its initial state. 
(c g. , Upon termination of a SELCH transfer, sequencer initialized, the FAR. may be inspected to determine if the en- 
tire block of data had been transferred.-) 

If a Memory Write operation is desired, an Output Command with Rit-10 set must be issued to set the Write flip-flop 
(3F5). Since the Write flip-flop is reset by the Data Available/Request Gate (DARG1)(2L5) whenever a DA or DR is 
sent to the SELCH (setup procedure), no command is necessary to initiate a Memory Read operation. 

Data transfer commences with a GO Command from the Processor, which is an Output Command with Bit-11 set. The 
GO Command sets both the Busy (3F3) and MSC (3F4) flip-flops. The setting of the Busy flip-flop causes an End of 

Busy Set pulse (EBS1) (3H4) to be generated. This. pulse is generated from the falling edge of BSYO (3F3), and is used 
by the Branch Gate circuit to initiate the transfer cycle. The Busy latch circuit remains set until the Selector Channel 
detects the termination of transfer and its state is presented to the program via Bit- 12 of the Sense Status Byte. 

The MSC flip-flop is reset by SCLROA or by addressing the SELCH, Set Gate active (SGAD1)(2L9), when the Busy flip- 
flop is reset. The resetting of the MSC flip-flop, MSCO active, clears any pending interrupt in the Selector Channel. 

Information is steered from the SELCH to both the Data Lines D080 : 150 (1B4-9) and the Private Data Lines PD080 : 150 
(1S4-9) by the proper gating of four each, four-to-one line multiplexors (Sheet 1). For example; with the SELCH idle, 
Busy reset, all Data Lines are tied directly to the Private Data Lines in both directions. 

4. 3 Memory Bus Control Circuit 

Memory Bus Control timing relationships are shown in Figure 2. A SELCH request for memory is started by activating 
Set Request (SREQ0)(3S4). SREQO is activated by the Branch Gate circuit (3M8) when either the SELCH has received a 

halfword of data from the device or, in the Memory Read mode, whenever the Memory Data Register is available to ac- 
cept the next halfword. 

SREQO is applied to the direct set input of the Request flip-flop (REQ)(4L5) which sets the flip-flop and sends REQO to 
the Processor. When REQO is received, the Processor generates Enable (ENO). ENO, on the first DMA device, is 
jumpered to Accept (ACTO) which generates the daisy chain priority loop through all DMAs in the system. The daisy 
chain begins at the highest priority DMA as ENO, and propagates to the lower priority DMAs as Transmit Accept (TACO) 
until it is captured by the first DMA requesting a memory cycle. When the REQ flip-flop is set and ACTO (ENO) is 
active, the ACTO/TACO contention circuit (4112) blocks the propagation of TACO, and provide highs on the J input to the 
SEL flip-flop and the K input to the REQ flip-flop. Thus, on the rising edge of ENO, the Select flip-flop becomes set 
and the Request flip-flop is reset. When the SELCH REQ flip-flop is reset and ACTO (ENO) is active, the ACTO signal 
is propagated as TACO to the DMA with a lower priority. 

The trailing edge of Inhibit (INHO) (4H5), from the Processor^, indicates the end of the memory cycle. This edge, unless 
the SELCH has dropped REQO in time to remain selected during the next cycle, causes the SEL flip-flop to reset. Two 
pulses, End of Memory Transfer (EMXO) (4M7) and Inhibit (INHOP) (4M2), are generated by the leading and trailing 
edges of INHO respectively. EMXO is used by the Branch Gate circuit to indicate the end of the memory transfer. The 
Address Register is toggled by the AND function of SEU and INH1. 

In the Memory Read mode, the Memory Data Register (MDR) is cleared by Clear Data Register (CDRO) (4R2) which is 
generated by the trailing edge of REQ1. Write Not (WTOA) (3F5) is ANDed with SEL1 to form Enable Memory Data Read 
(ENMDR1) (4R6), which gates the contents of the MDR onto the Memory Data Lines MD000:150 (Sheet 6) for the restore 
portion of the memory cycle. (This function is disabled when using solid state memory. ) The contents of the memory 
location accessed is gated to the direct set inputs of the MDR by Enable Memory Strobe (ENMS1) (4R4). This function 
is WT»SEL«CDR0 for use with core memory and WT»3EL«INH when using solid state memory (4R4). 

When writing to memory, the contents of the Data Buffer is gated onto Memory Data Lines MD000:150 (Sheet 6) by En- 
ab!e Memory Data Write (ENMDW1)(4R3), when selected. A Memory Write operation is indicated to the Processor by 
activating WRTOA (4S3). 

fhis information is proprietary and is supplied by INTERDATA for the sole 
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Figure 2. Memory Bus Control Timing Diagram 



4.4 Address Register and Auxiliary Address Register. 

The Address Register (AR) and Auxiliary Address Register (AAR) (Sheet 5) each consist of four, four-bit counters. 
These registers are loaded simultaneously by the Processor from Data Lines D080:150 (1A3-8), under control of the 
Load/Unload Sequencer (as discussed in Section 4.2), with the. starting address from which the block transfer is to be- 
gin. The contents of the AR (Sheet 5) is gated onto Memory Address Lines MA000:140 (5R1-8) whenever the SELCH is 
selected, SEL flip-flop set. The AR is incremented with each memory transfer by Select* Inhibit (SINHO) (4K8). The 
AAR (Sheet 5) keeps track of the transfer between the SELCH and the device. This register is incremented, by one, foi 
each byte of data transferred by Toggle Auxiliary Address Register (TAARO) (3M1). When the transfer is in the Half- 
word mode, TAARO is generated twice for each transfer. The outputs of the AAR are used by the Match circuit to detei - 
mine the end of the data block. Its contents may be examined, via the program, by issuing two consecutive DRs to the 
SELCH when the sequencer is initialized. In addition, AAR151 is used in the Byte Transfer mode to determine whether 
the byte being transferred is odd or even, for byte steering. Carry Out from the most significant stage of the AAR (CO >) 
(541) terminates the transfer, clear Busy, when a transfer is attempted past the maximum memory address. This fea- 
ture prevents 'wrap-around' in memory. 

4. 5 Final Address Register 

The Final Address Register (FAR) is implemented by four quad latches (Sheet 5). This register, like AR and AAR, is 
loaded by the Processor under control of the Load/Unload Sequencer. The outputs of this register are used exclusively 
by the Match circuit to determine when the final address of the transfer is reached. 
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4.6 Memory Data Register and Data Buffer 

The Memory Data Register (MDR) (Sheet 6) is a 16-bit register composed of 16 edge triggered JK flip-flops. In the 
Memory Read mode, the MDR is first cleared by Clear Data Register (CDRO) (4R2) and then direct set' by each active 
bit on Memory Strobed Data Lines MS000.-150 (Sheet 6). During a Memory Write, the data, in double rail format, pre- 
sent at the J and K inputs to the MDR, is toggled into the flip-flops on the trailing edge of either Load Data Register 
High (LDRH0)(649) or Load Data Register Low (LDRL0)(6J9). 

As soon as the MDR is loaded, if the Data Buffer (DB) is empfv fas determined by the inactive state of the Buffer Ac- 
tive flip-flop) (3 HI), the MDR contents are loaded into the DB (Sheet 6) by Load Data Buffer (LDB1)(357). Information 
present in the DB is, in turn, either written into memory via Memory Data Lines MD000:150 or sent to the device on 
Private Data Lines PD000:150. 

4. 7 Data Transfer Circuit 

Refer to Figure 3 for Memory Read timing diagrams and Figure 4 for Memory Write timing diagrams. The Memory 
Read liming diagram shows the timing of a three byte transfer, in the Byte mode, of 2, 000, 000 bytes/second. Figure 
1 shows a transfer of two halfwords, in the Halfword mode, to a slower device. 



COMMAND GO 




Figure 3. Memory Read (Byte Mode) 
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COMMAND GO 




Figure 4. Memory Write (Halfword I/O Mode) 

A GO Command to the Selector Channel sets the Busy flip-flop which generates the End of Busy Set pulse (EBS1)(3K8). 

In the Memory Read mode, EBS1 is decoded by the Branch Gate circuit and SREQO is generated. Thus, a request for 
memory is initiated. When the halfword of data is present in the MDR, the End of Memory Transfer pulse (EMX1)(4R6) 
becomes active and the Branch Gate circuit once again requests memory and generates Set Status Transfer (SSX0)(3S5) 
and Load Data Buffer (LDB1) (3S7). These signals initiate the transfer to the device and load the Data Buffer (DB) re- 
spectively. 

SSXO sets the Status Request flip-flop (3F6) which activates the Private Status Request control line (PSR0)(3G6) to the 
active device on the private SELCH Bus. This Status Request examines the four least significant bits of the Status Byte. 
If any of the three least significant bits (EX, EOM, or DU) are set, the transfer is terminated by resetting the Busy 
flip-flop (3F3). The assumption is made that each of these status bits remain reset for the remainder of this discussion. 
With Bit-12 (Busy) of the Status Byte reset, the Data Transfer flip-flop becomes set (3F7). Data Transfer (DX0)(3E1) 
inhibits the generation of PSRO, which causes Private Sync (PSYN1)(4B4) from the device to become inactive. This en- 
ables Engage to go high (ENG1)(3D8), which allows the Private Data Available control line (PDA0)(3H5) to become active. 
The Private Data Available/Request signal (PDAR1)(3H5), generated whenever a Private Data Available (PADO)or Private 
Data Request (PDRO) signal is active, will then clear the Status Request flip-flop. Upon receipt of Sync from the device, 
PSYN1 active, the Data Transfer flip-flop becomes reset and ENG1 goes low, disabling PADO. When the Sync is re- 
moved by the device, an 80 nanosecond End of Data Transfer pulse is generated (EDXO) (3J8) which increments the Aux- 
iliary Address Register and is used by the Branch Gate circuit to generate a function in accordance with the truth table 
for EDX on Sheet 3. This cycle continues until termination of the transfer is detected. 
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lu the Memory Write mode, WT1 active (3F5), EBS1 is used to generate SSXO, and the Branch Gate circuit directs the 
loading of a halfword of data into the DB before a memory request is made. The transfer of data from the device is the 
same as described in the Memory Read mode, except that ENG1 is used to generate the Private Data Request control 
line (PDR0)(3H5) rather than PDAO. Data from the device is loaded into the MDR on the trailing edge of either Load 
Data Register High (LDRH0)(2R2) or Load Data Register Low (LDRL0)(2R2), depending on which eight bits are being 
loaded. In the Halfword Transfer mode, both LDRHO and LDRLO are generated simultaneously. With WT1 active, the 
generation of EDX1 is delayed by activating the clear input to the one-shot (3H8) when the Buffer Active flip-flop is set 
(BAC'n)(3Hl), if either the transfer to the device is on an odd boundary or when a Match is detected (MCH0)(5J2). This 
prevents the reloading of the Data Buffer (DB) before the last halfword has been written into memory. 

4.8 RACKO/TACKO Contention Circuit 

The Selector Channel directs the propagation of the Acknowledge signal to lower priority devices on the Multiplexor Chan- 
nel Bus as well as devices on the private SELCH Bus. If the Selector Channel Attention flip-flop (4B4) is set, the SELCII 
captures the Receive Acknowledge signal (RACKO) (4B3), place its device address on the Data Lines and return Sync 10 
the Processor, Attention Sync (ATSYN0)(4F4) active. If the Attention flip-flop is reset, RACKO is propagated as cither 
Private Transmit Acknowledge (PTACK0)(4F2) or Transmit Acknowledge (TACK0)(4F3), Since devices on the private 
SELCH Bus have a higher interrupt priority than devices below the SELCH on the MPX Bus; if the Private Attention 
Test line is active (PATNO) (4B1), PTACKO is generated rather than TACKO. Note that when MSCO is high (3F4), PATNO 
is disabled so that a device on the private SELCH Bus may not interrupt the Processor while the SELCII is active. 

5. MAINTENANCE, TROUBLE SHOOTING, AND TEST 

Before attempting any maintenance or testing, insure that the necessary back panel modifications and SELCII board 
option strapping have been made in accordance with the NS Selector Channel Installation Specification 02-232M0 1A20. 

To insure a 2,000,000 Byte/second transfer rate in the Byte Transfer Mode, it is necessary to limit the maximum delay 
between PDAO, PDR0, and PSR0 and the return of Sync from the device (PSYN0), to 30 nanoseconds. In addition, the de- 
vice must be ready for the next byte of data, Busy Status Bit reset, whenever a Status Request is made. Field testing of 
this device is contingent upon the user having appropriate software and hardware available with which to exercise the 
Selector Channel. There are no adjustments associated with this device. Do not install Terminator Boards 35-433 
or 35-434 on the SELCII bus if a transfer rate of 2, 000,000 Bytes/second is to be maintained in the Byte <fc Bit) Mode. 
The SELCH Bus should be contained on a single 15 inch chassis if no terminators are used. 



fi. MNEMONICS 

The following list provides a brief description of each mnemonic found in the SELCH. The source of each si»;nahon 
Functional Schematic 02-232M01D08 is also provided. 



MNEMONIC 
AAR001:151 

AC TO 

AD1 

ADRS0 

AG081:151 

ATN0 

ATSYN 

BACT1 

BSY 

CDR0 

CBSY0 

CL070 

( LG1 



MEANING 
Outputs of the Auxiliary Address Register 

Accept - Request for memory accepted by Processor 

Address - Active when SELCH is addressed 

Address control line from MPX-Bus 

Address Gated Lines - Output of Address Strap 

Attention - Attention to Processor 



SCHEMATIC LOCATION 
5F1-5F9 

4H1 

2K7 

4B8 

1E3 - 1E8 

4F1 



Attention Sync - Generated by an Acknowledge Attention from Processor 4F4 



Buffer Active - Indicates that valid data is present in the DB 

Busy - Indicates a data transfer is in progress 

Clear Data Register - Clears MDR prior to loading from MS000:150 

Clear Busy - Terminates transfer when a match is detected 

Control Line 7 - Control Line from MPX-Bus 

Control Line Gate - Gates Private Control Lines 



3 HI 
3F3 
4R2 
3M3 
4B6 
1C2 
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MNEMONIC 
CLUSO 

CMDO 

CMG 

COO 

D000:150 

DAO 

DLGO 

DB001:151 

DRO 

DRGO 

DX 

EBS1 

EDX1 

EMX1 

ENO 

ENG1 

ENMDR1 

ENMDW1 

ENMS1 

HWO 

INHO 

LARHO 

LARLO 

LDB1 

LDRHO 

LDRLO 

LFRHO 

LFRLO 

MA000:140 

MCH1 



MEANING 
Clear Load/Unload Sequencer - Clears Sequencer 

Command Control Line from MPX-Bus 

Command Gated by AD1 

Carry Out of the AAR - Prevents Memory 'Wrap-around' 

Data Lines from MPX-Bus 

Data Available Control Line from MPX-Bus 

Data Line Gate - Gates Data Lines and Private Data Lines 

Outputs of Data Buffer 

Data Request Control Line from MPX-Bus 

Data Request Gated by AD1 

Data Transfer flip-flop 

End of Busy Set - Signals the start of a SELCH transfer 

End of Data Transfer - Signals the end of a device transfer 

End of Memory Transfer - Signals the end of a memory transfer 

Enable from Memory Bus 

Engage - Gates either PDSO or PDRO 

Enable Memory Data Register Read - Gates contents of MDR to 
MD000:150 

Enable Memory Data Register Write - Gates contents of DB to 
MD000:150 

Enable Memory Strobe - Gates contents of MS000:150 to MDR 

Halfword Control Line from MPX-Bus 

Inhibit from Memory Bus 

Load Address Register High - Loads AAR and AR, Bits 00:07 

Load Address Register Low - Lards AAR and AR, Bits 08:15 

Load Data Buffer - Load contents of MDR to DB 

Load Data Register High - Loads MDR Bits 00:07 

Load Data Register Low - Loads MDR Bits 08:15 

Load Final Address Register High - Loads FAR Bits 00:07 

Load Final Address Register Low - Loads FAR Bits 08:15 

Memory Address Lines to Memory Bus 

Match - Indicates a match between AAR and FAR 



SCHEMATIC LOCATION 



3S2 




4B8 




2S7 




5A1 




1A3 - 


1A8 


2A1 - 


2A8 


4B7 




1R2 - 


1D3 


" 6G2 - 


6G9 


6R2 - 


6R9 


4B7 




2L5 




3F8 




3J4 




3J8 




4R7 




4H2 




3D8 




4R6 





4R3 

4R4 

1D2 

4H5 

2R2 

2R2 

3S2 

3F8 

3H9 

2 S3 

2S3 

5R1 - 5R8 

5J6 
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MNEMONIC 
MD000:150 

MS000:150 

MSCO 

PADRSO 

PATNO 

PCL070 

PCMDO 

PD000:150 

PDAO 

PHWO 

PSRO 

PSYNO 

PTACKO 

RACKO 

RBAO 

REQO 

SCLRO 

SGAD1 

SRO 

SREQO 

SSXO 

SX 

SYNO 

TACO 

TACKO 

TAARO 

TARO 

UAAHO 

UAARLO 

V'T 

V -RTOA 



MEANING 
Memory Data Lines to Memory Bus 

Memory Strobed Data Lines from Memory Bus 

Multiplexor SELCH Control flip-flop 
Private Address Control Line to SELCH Bus 
Private Attention from SELCH Bus 
Private Control Line 7 to SELCH Bus 
Private Command Control Line to SELCH Bus 
Private Data Lines - SELCH Bus 

Private Data Available Control Line to SELCH Bus 

Private Halfword Control Line from SELCH Bus 

Private Status Request Control Line to SELCH Bus 

Private Sync from SELCH Bus 

Private Transmit Acknowledge to SELCH Bus 

Receive Acknowledge from MPX-Bus 

Reset Buffer Active - Resets Buffer Active flip-flop 

Request - Request for memory cycle to Memory Bus 

System Clear - Initialize Signal 

Set Gate - Sets Address flip-flop 

Status Request Control line from MPX-Bus 

Set Request - Initiates a request for memory 

Set Status Transfer - Sets the Status Request flip-flop. 

Status Transfer - Status Request flip-flop 

Sync to MPX-Bus 

Transmit Accept - To lower priority DMAs 

Transmit Acknowledge - To lower priority devices on MPX Bus 

Toggle Auxiliary Address Register - Increments AAR 

Toggle Address Register - Increments AR 

Unload Auxiliary Address Register High - Unloads AAR Bits 00:07 

Unload Auxiliary Address Register Low - Unloads AAR Bits 08:15 

Write flip-flop 

Write to Memory Bus, when selected 



SCHEMATIC LOCATION 



6G1 - 


6G8 


6R1 - 


6R8 


6A1 - 


6A8 


6H1 - 


6H8 


3F4 




4F8 




4B1 




4R6 




4F8 




2F1 - 


2F8 


1S3 - 


1S9 


3H5 




1A1 




3H6 




4B5 




4F2 




4B5 




3M2 




4R5 




4H4 




2LR 




4B6 




3S4 




3S5 




3F6 




2S5 




4R1 




4F3 




3M1 




4S7 




2R4 




2R4 




3F5 




4R3 





This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 
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M71-103 

AUTOMATIC LOADER 

INFORMATION SPECIFICATION 



1. INTRODUCTION 

The Automatic Loader consists of a logic card connector, cable, and switch panel which connects onto 
CPU- LO board Connector 3 (Display Connector). The Automatic Loader provides a means of applying 
power to the Processor via a LOCK/ON/OFF switch, initializing the Processor (INIT), and starting a re- 
sident program (EXE). The micro-program in the Processor fetches a device address and a command 
byte from the Automatic Loader on its power up sequence, when enabled. This information is used to 
load a program from the specified device. 

This information specification covers installation and operation of the Autmoatic Loader. 

2. INSTALLATION 

The Automatic Loader is installed on CPU-LO board Connector 3,, and to the 25-327 Terminal Strip, 
Positions CI and C2. Refer to Figure 1. Prior to installation, the Automatic Loader must be modi- 
fied to specify the appropriate device number and command byte. The Automatic Loader is initially 
equipped with a device number of X'FF' and a command of X'FF'. Refer to Functional Schematic 
02-325C08 for the information necessary to change the device and command designations. 



CPU-LO BOARD 




Figure 1. CPU-LO Board Connection 



3. OPERATION 

Refer to Figure 2 during this description. 



PROGRAM LOAD 
ENABLE 



DISABLE 



EXE 



INIT 



LOCK 
ON 
OFF 







OFF/ON/ LOCK 



INIT 



EXE 



PROGRAM LOAD 



Figure 2. Switch Features 

Power switc h. This is a three position key operated security lock 
switch which controls primary power to the system. When placed in 
the OFF position, the testable Primary Power Fail signal (PPF) 
goes active which causes a power fail indication and removes the DC 
voltages to the system. In the ON position, DC power is applied to 
the Processor. In the LOCK position, the power remains on but the 
EXE and INIT switches are disabled. 

Initialize switch. The Initialize switch generates the testable PPF 
signal. The micro-program responds to PPF by saving the Processor 
status in main memory and then doing a Command Power Down to in- 
itialize the system. 

Execute switch. The Execute switch generates the testable Console 
Attention signal (CATNO). The micro-program always assumes the 
Run mode in response to the Automatic Loader CATNO (EXE), except 
when the Program Load switch is in the Enable position. 

Program Load switch. The Program Load switch determines whether 
or not an auto- load is to be performed after the system is initialized 
or upon power up. If the Program Load switch is in the Enable 
position, upon initialization or power up, an automatic load is per- 
formed from the device number specified by the Automatic Loader 
logic card. 

The micro-program determines that the Automatic Loader option has 
been selected by the unique status of the display controller; namely a 
zero in Bit 4 of the status and a one in Bit 7. The state of the Program 
Load switch is presented to the Processor as Bit 6 of the display stsftus. 
On power up or initialize, the micro-program determines that the 
Automatic Loader option is present, then does two data requests 
from the device number '01' (Automatic Loader). The first data byte 
received is the device number from which an automatic load is to be 
performed and the second data byte is an appropriate output command 
for that device. The device number and command byte are a function 
of the Automatic Loader logic card. 

NOTE 

The type device used must be able to respond with data with 
one Output command. This device must also have a valid 
status (busy only or all zeros) immediately after the Out- 
put command. The first data byte read must be valid data. 



Figure 3 shows the data format for automatic loading. This data may be appended to a system program or 
may be a stand-alone program used as a general purpose boot loader. Appendix 1 is an example of the 
latter. 



Data for PSW Bits 0:3 


1 




) first byte 


Data for PSW Bits 4:7 ^ 




Data for PSW Bits 8:11 






) second byte 


Data for PSW Bits 12:15 




Data for LOC Bits 0:3 


i 




) third byte 


Data for LOC Bits 4:7 


. 


Data for LOC Bits 8:11 


1 


. 


) fourth byte 


Data for LOC Bits 12:15 




Bits 0:3 of Start Address 






) fifth byte 


Bits 4:7 of Start Address 




Bits 8:11 of Start Address 


1 




) sixth byte 


Bits 12:15 of Start Address _, 




Bits 0:3 of End Address. 


1 


. 


) seventh byte 


Bits 4:7 of End Address 


1 


Bits 8:11 of End Address 


I 




) eighth byte 


Bits 12:15 of End Address ^ 


■ 


Data to be stored in main memory Remaining bytes until the End of Address is reached. 



Figure 3. Data Format for Automatic Loading 



On the completion of the Auto- Load, ^e micro-program commences to execute the User program from 
the Memory Address specified by L ■ (third and fourth bytes). Note that if Bit of the PSW, as specified 
by the first byte, is set, the Processor goes to the 'Wait" state. Program execution then begins when the 
Execute switch is operated. 
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APPENDIX 1 
GENERAL BOOT LOADER PROGRAM 



1. PROGRAM DESCRIPTION 

The General Boot Loader Program automatically sets the Binary Input Device definition to the device num- 
ber and command byte associated with the Automatic Loader logic card. 

General Boot Loader Program 

ORG X'0048' 

DC X'8000' START SET WAIT BIT 



START LIS 0, 1 SET REGISTER 

READ DEVNO AND COMMAND 

DO AUTO LOAD 



END 

The above program places the Processor in the Wait state after loading. When the Execute switch is op- 
erated, the device number and command byte associated with the Boot Loader logic card is read into loca- 
tion X'0078', the binary input device specification. Then, the Auto Load instruction is executed. 

2. PROGRAM CREATION 

The user can prepare an eight bit tape of this program on any INTERDATA Processor equipped with a dis- 
play panel by loading CLUB (03-013) or an equivalent program; then, key the program into memory. Use 
the 'Q' directive with limits of X'0048' through X'005D\ (Any program can be used which generates an 
eight bit tape. Note that the tape must not be punched with a leading X'FO' as occurs with some operating 
systems when punching eight bit paper tape. ) 



0048 


8000 


004A 


0050 


004C 


0050 


004E 


005D 


0050 


2401 


0052 


D900 


0054 


. 0078 


0056 


D500 


0058 


00CF 


005A 


4300 


005C 


0080 



DC 


START, END 


LIS 


0,1 


RH 


0,X'78' 


AL 


X'CF' 


B 


X'80' 


EQV 


*-l 



3. OPERATION PROCEDURES 



Use the following procedure to load programs using the General Boot Loader Program. 

1. Place the PROGRAM LOAD switch in the ENABLE position. 

2. Apply power to the appropriate input device (e.g. , Teletype) and place the General Boot Loader 
tape in the device with the first character over the read station. 

3. Turn the Power switch to the ON position. 

4. Note that if a Teletype is used as the input device, place the lever on the TTY reader to the 
"START" position. 

5. The Processor reads the tape and then halts. Any program that can be loaded with a standard 
50 Sequence, (AL X'CF') can now be loaded. 

(B X'80') 

6. Place the appropriate paper tape in the Binary Input Device and momentarily depress the EXE 
switch. The 50 Sequence which was loaded by the Automatic Loader how begins execution. 



Al-1 



4. USAGE 

Using a Boot Loader Program that establishes the standard 50 Sequence in memory, in general, the follow- 
ing programs can be run on a Model 7/16 with the Automatic Loader option. 

1. Any M10 Tape can be loaded immediately after loading the 50 Sequence (i.e. , General Loader, 

Rel Loader, Basic Assembly, BOSS, or DOS object tape). 
2 Any M08, M09, M16, or M17 program tape can be loaded with the General Loader or Rel Loader, 

provided'it has an end transfer address (i.e. , CLUB, Memory test, or Processor test). 
3. Any M14 Tape can be loaded after CLUB has been loaded and executed to modify the 50 Sequence 

with an appropriate ending address. 



Al-2 



APPENDIX 2 

ALTERNATE BOOT LOADER PROGRAM 

The following listing shows an alternate program designed to be loaded from a TTY. The information 
loaded comprises a standard '50 Sequence' with device definition table. After loading, the program issues 
an X-OFF to the TTY to stop the paper tape. Then an asterisk is printed to indiacte that the 50 Sequence 
is in memory and ready. Execution of the 50 Sequence is begun by depressing the Break key on the TTY. 
This program issues an X-ON to the TTY to start the tape advancing through the reader before the 50 
Sequence is begun. 



INTERDATA MODEL 7/16 AUTO-BOOT LOADER 
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• ROUTINE IS AUTOMATICALLY L0A0F0 FROM TTY ON 

» POWfR UP OR INITIALIZE. AFTER LOAD, TTY REAPER 

• IS TURNEO OFF AND AN ASTERISK IS PRINTED. THE 

• OPERATOR THEN PLACES GENERAL LOADER OR REL LOADER 

• PAPER TAPE IN TTY READER. DEPRESS 8REAK KEY 



• ON KEYBOARD TO START AUTOLOAD SEQUENCE. 



0008 

0009 

OflXLA- 

000B 

000C 

oaon 

000F 
000F 

0048 



RET 

STAT 

TTY 



EOU 8 
EQU 9 
_EQU IIL 



TWRT 
TRFAD 
_QAI 



EQU 
EQU 
„EQU_ 



11 
12 



OUT 
XON 

_jft 



EQU 
EQU 



ORG 



14 
15 



X»0048» 



0048 0100 
0058 
Q04C OQ51L 
004E 0093 



DC 



DX 



DC 



X»0100«*START PSW AND LOC 



J_QAD_ 



END 



START ADDRESS 



END ADDRESS 



0054 0540 

00CF 

0054 4300 

&£gfl_ 



0058 



005C 
005E 
0060 
0062 
0064 
0066 
0068 
006A 



D1A0 
00 8 



9EAB 

018E 

940D- 

018E 

9EAC 

90A9 

2241 

9EAB 



004»€^ 08DF 
006F 018E 
0070 90A9 

40*2 2494^ 

0074 4300 
0050 



0078 0294 

007A 0298 

jQjLTC 0294- 

007E 0298 

048©— 4042— 
0082 0098 



LOA D -AL X»£F» 



X»80» 



START 



LM 



TTY.DATA 



OCR TTY»TWRT 
BALR RET, OUT 
EXBR — PAX, DAT 



BALR RET»OUT 
OCR TTY»TREAD 
SSR TTY , ST A T 



BFBS 4*1 
OCR TTY ♦ TWRT 
^HR- D A T»XQ N- 



BALR RETtOUT 

SSR TTY, STAT 

-aTBS— 9-k1 



SET UP REGISTERS 



B 



LOAD 



DC 
DC 
-DC- 



X»0294« 
X»0298» 
X»0?94L 



DAT-A- 



DC 



-DC- 



X»0298» 



DC 



X«98» 



WRITE MODE 
XOFF 



READ MODE 



WAIT FOR BREAK 
WRITE MODE 



XON 

WAIT FOR 

XON CHARACTFR 



DO AUTO LOAO 



BINDV 
BOUTDV 
MNOV 
LISTDV 
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ooe* 

0086 


-0494 

2A93 


©€ — 

DC 


X*94» 

X«2A93» 


0088 


008C 


DC 


OUTPUT 


00BA 


0091 


0€ — 


XJ-9JJ 



008C 
08F 



0090 
0092 



90A9 
20F1 



OUTPUT 



SSR 
BTBS 



TTY.STAT 
-1S*J 



9AA0 
0308 



WDR 
BR 



TTY»OAT 
RET 



0093 
0094 



END 



EQU 
END 



•«1 
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„NO-ERRORS 



DAT 
DAT A 



ENO 

LOAD 

OUJL„ 



000D 
OORQ 



0093 
0050 
000E 



OUTPUT 

RET 

START 



008C 
0008 
005B 



STAT 
TREAD 
JIX 



0009 
000C 

nnoA 



TWRT 
XON 



000B 
000F 
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M49-410 
TEST AID 

INFORMATION SPECIFICATION 



1. INTRODUCTION 

This Information Specification covers installation, operation, and maintenance of the M49-410 Test Aid (02-276) and the 
associated logic in the Processor. Refer to 02-276D08 for schematics of the M49-410 Test Aid. 

2. GENERAL DESCRIPTION 

The Test Aid, consists of a switch/display panel and a 17-229 logic card which attaches to the 35-446 CPU-HI board. 
The Test Aid provides the ability to examine the addresses of the micro-code and to stop Processor clocks at option. 

3. INSTALLATION 

This section provides the information necessary to install the Test Aid on the Processor. 
The installation procedure is: 

1. Remove the display from the chassis. 

2. Place Test Aid logic card over pins on CPU-Ill board (installed in Slot 6 of CPU chassis) (refer to Figure 1) and 
press down until Test Aid logic card rests on spacers on CPU-Ill board. The switch /display panel assembly nuv 
be placed on a table or mounted on the chassis as shown in Figure 2. 

CAUTION 
Refer to Section 12 for use of extender boards. 



CPU-HI 
(35-446) 



mmmm 


®<&®m 


(§>(§>(§>(§> 


c2f er 00 





00 





© 




oooooooo 



o 



TEST AID 
LOGIC CARD 



Figure 1. Test Aid Installation 



This information is proprietary and is supplied by INTEBDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 
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Figure 



Swilch Panel Mounting 



4. POWER 

Power and ground are supplied by the CPU-Ill board. There are no olher power requirements 

5. OPERATION 

Refer to Figure 3 during the operating description. The 12 light-emitting diodes (LEDs) numbered 4-15 display the eon- 
tents of the ROM Address Register. The numbers assigned to the LEDs correspond to the ROM Address Register bits. 
The 12 toggle switches labelled 4-15 provide the ability to set-up a match address. The Test Aid logic stops the Processor 
clocks when the selected "match address" is in the ROM Address Register and the Address Match switch is in die ON (up) 
position. 



ADDRESS MATCH SWITCH 



SINGLE SWITCH 



ADR 
MATCH 



ON 
OFF 



SNGL. 



10 



14 15 



9 10 



13 14 15 



ADV 



0* 



ADR SYNC 



> R 



AR DISPLAY 



V ADDRESS SWITCHES 



CLOCK ADVANCE 



■ADDRESS SYNC 



Figure 3. Switch Panel 



6. ADDRESS MATCH SWITCH 

After selecting an address on the Address Switches, place the Address Match in the ON (up) position. When the ROM 
Address Register of the Processor contains the "match address", the Processor clocks are stopped on the next clock. 
The Address Match Switch feature can also be used to interrupt and continue micro-code loops. Follow the procedure 
for address matching. Select an address within a micro-code loop. Once the match has been found, depressing the 
Clock Advance (ADV) switch once allows the micro-code to go through the loop and match on the selected address again. 

This information 15 proprietary and is supplied by INTERDATA for the sole 

purpose of using and maintaining INTERDATA supplied equipment and shall 

p not be used for any other purpose unless specifically authorized in writing. 



NOTE 

The LED display in most cases is one increment ahead of the 
match address. The micro-code instruction at the address 
selected has been executed or is one clock into execution when 
the match occurs and the Processor clocks stop. 

7. CLOCK ADVANCE SWITCH 

The Clock Advance switch allows the Processor to generate one clock each time it is depressed when the Address Match 
or Single switches are in the ON (up) position. 

8. SINGLE SWITCH 

When the Single switch is in the ON (up) position, the Processor clocks are slopped. With this switch ON the micro- 
program may be executed in a micro-instruction at a time by depressing the Clock ADVance switch. 

9. ADDRESS SYNC 

Address Sync is a BNC connector whose output is a low going signal that becomes active when the Address switches and 
the contents of the ROM Address Register compare. The contents of the ROM specified by the ROM Address Register 
will not be loaded into the ROM Data Register until the next clock RD (CKRDO). 

10. OPTION 

Pins 'A' and 'B' are normally wired together. Pin 'A' is the output of a comparator that compares the ROM Address Reg 
ister and the Address switches. When they compare, the signal on Pin A goes high (+5 VDC) causing Processor clocks 
to stop. Removing the wire between Pins 'A' and 'B' provides a means to bring in any high active signal on Pin 'B' to 
stop Processor clocks. Removing the wire between 'A' and 'B' will remove the capability to stop Processor clocks on 
address match. See Figure 4. 




o 



OOOO QOOOO ooooooooooooo 



o 




OPTION 



Figure 4. Option Connections 



11,, TEST AID MAINTENANCE 

11. 1 • Timing 

This section defines timing sequences (Figure 5) in the logic of the Test Aid and associated logic in the Processor, 
fer to (01-058D08) the Processor schematics, Sheet 13, Clock Control, for logic detail of the clock stop. 



Re- 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



TIMING CHART FOR AD DRESS MATCH 

BCLKO 

ADR. MATCH SW 

RAR ADRO (ALL BITS) 
ADRMCHI 

ADRSYNO 
FTITO 
MSTOPO * 



TIMING CHART FOR S INGLE STEPPING 
BCLKO 

SINGLE SW 

FTITO 

MSTOPO * 

ADVCO 

FSADVI 

FADVO 




| ADRSEARCH| ADR FOUND J STOP PROC. CLOCKS | START CLKS | 



-=Tj^ 




STOP PROC. CLOCKS | ALLOW ON E PROC. CLOCK | STOP CLKS. I 



*- MSTOPO IS A CLOCK STOPPING SIGNAL INTERNAL TO THE MODEL PROCESSOR. 

WHEN ACTIVE ALL PROCESSOR CLOCKS EXCEPT CLKI, BCLKI AND BCLKO ARE STOPPED. 

Figure 5. Test Aid Timing 



11.2 Mnemonic Definitions 
ADRMCHI - This signal-is active when the contents of the ROM Address Register and the Address switches are equal. 



ADVCO 



BCLKO 



FADVO 



- Flip-flop output which goes active when the ADV switch is depressed, inactive when the ADV switch is 
released. 

- Derived from the Processor. This is a clock that cannot be stopped by any clock stop in the Processor. 
BCLKO width is typically 60 nanoseconds and the period is typically 250 nanoseconds. 

- When active, allows FITITO to be inactive for one clock period. If ADVCO and BCLKO are active at the 
same time, the FADVO flip-flop sets. 



FTITO - This flip-flop is reset by Single switch ON, Address Match switch ON, and a match address. 

MCH06-150- When active indicates that a particular address switch has been selected. 

RAR0G-150 - ROM Address Register outputs indicating the address of the micro-instruction to be executed on the next 
clock. 
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12. USE OF MODEL 70 EXTENDER BOARD (11-103) ON THE PROCESSOR 
12. 1 Hazards 

All Model 70 extender boards, below revision level 11-10 3R02, when used to extend Processor boards, present two 
hazards. 

1. All stiffening metal on the extender board when being plugged in becomes -+5VDC. This hazard exists with 
either Processor board on the extender. 

2. When the Test Aid is installed and the CPU-LO is on the extender board, a stiffening bar located on 
the underside of the extender board rests on top of the Test Aid logic card and forces it down possibly 
causing a short. 

12.2 Modification 

The following information describes how to modify the 11-103R01 extender board: 

1. Pins 200-0, 200-1, 241-0 and 241-1 are tied into the ground bus of the extender board. These pins in the 
Processor are +5VDC. Both ends of the extender board tie these pins to the extender board ground but 
via feedthrough holes causing the ground bus to become +5VDC. Cut the copper between these feed- 
through holes and the extender board ground bus. Add a strap from the copper run of Pins 101-0, 
101-1, 140-0 and 140-1 to the adjacent ground shield to restore the continuity of back panel ground to 
extender board ground. 

2. Remove stiffening bar on underside of extender board. Three new clearance holes must be drilled so that 
the stiffening bar mounts horizontally rather than vertically. The original screws may bottom out; if so, 
use #4-40 x 5/8 screws. Refer to Figure G. 

After this change is made, care should still be taken to insure that the Test Aid logic card is not shorting 
to the stiffening bar. 



.375 REF. 



-.140 DIA. (3 REQ'D) 
MODIFICATION 




NEW POSITION 




Figure 6. Stiffening Bar 



ASSEMBLY MODIFICATION 
BOTTOM BAR 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 
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00E 


0E226 


OOF 


20C8C 


010 


8AA82 


Oil 


0E228 


012 


20C8C 



013 


38415 


014 


20A8C 


015 


0AA8C 


016 


4090C 


017 


0E228 


018 


COEOC 



019 
01A 



01E 



OIF 



020 
021 



02C0F 
24C82 



01B C510C 



01C C710C 



01D C910C 



C LOC.LOC.INC INCREMENT LOG 

L ARiMDR.D? 

* 2i'iO OPERAND TO AR , VECTOR THRU 0R0M2 

4c 

KXX A MAR»nOR»MR+NF+NC FETCH (A+(X2>) 
C LOC»LOC»INC INCREMENT LOC 

L AR»MDR«D2 

* 2ND OPERAND TO AR , VECTOR THRU DROfV 



* STORE HALFWORO (ENTERED FROM DROM1) 
* 

STH B AMOD.STHX 
L MARtMDR«02 

* GO THRU DR0M2 TO STH1 
* 

STHX A MAR«MDR 
STH1 L MOR»YD«MW 

C LOC«LOC«INC 
NOCCC L FLR«PSW*IR 



ADDRESS A 



ADDRESS A+(X2) 
STORE 
ADRS NEXT 
NO CC CHANGE 



* SHORT IMMEDIATES 


* 




SHORT LI 


AR» »F» 


N 


ARiM0R»NF+NC+D2 


* 




* 




* NMtNHIiNHR 




* 




NH N 


YDtYO.lR 


* 




* 




* OHtOHItOHR 


., 


* 

oh" o 


YD»YD«IR 


* 




* 




* XH»XHI»XHR 




* 




XH X 


YDtYD.IR 



VECTOR THRU DR0M2 



C70CC 
CDOCO 



* 

_* _ _ 

* LH*LHI»LHR«LIS 
* 
LH YD*NULL«IR 

* 
JXS .. . . S YD»NULL*NC+IR 



0890C 
30824 



* CHtCHIfCHR 

j* 

X MDR,YD 
B . ._ Ut DIFFER 



CH 



COMPARE SIGNS 



71600560 

71600570 

71600580 

71600590 

71600600 

71600610 

7160 0620 

71600630 

71600640 

71600650 

71600660 

71600670 

71600680 

71600690 

71600700 

71600710 

71600720 

71600730 

71600740 

71600750 

71600760 

71600770 

71600780 

71600790 

71600800 

71600810 

71600820 

71600830 

71600840 

71600850 

71600860 

71600870 

71600880 

71600890 

71600900 

71600910 

71600920 

71600930 

71600940 

71600950 

71600960 

71600970 

71600980 

71600990 

71601000 

71601010 

71601020 

71601030 

71601040 

71601050 

71601060 

71601070 

71601080 



022 . 02EQQ 



* SIGNS ALIKE* SUBTRACT TO SET FLAGS 
LI FLRtO 



71601090 
71601100 
71601110 
_Z16J»_112JL 



IMTCKLATA MODEL 7/16 tflCRO-CODE 05-048R01A13 
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* CLH,CLHI tCLiiR 



023 


CCDOC 


CLH S 


AR.YD.IR 




024 
025 


OOD06 
C6D01 


DIFFER L 

* 
» ACH,ACHR 


AP.YD.SL+CO 

AR.YO.NA+NC+IR 


SET C = 1ST OP SIGN 
SET G.L I FETCH NEXT 


026 


ootoc 


* 

ACH L 

* 

* AHtAHIiAHR 
* 

All A 

* 


FLR.PSW 
»AIS 


PROPOGATE FLAGS 


027 


CB10C 


YD.YD.IR 








* 

* SCH,SCHK 






028 


0OE0C 


SCH L 

# 

* Sh.SHI.SHR 


FLR.PSW 
♦ SIS 


PROPOGATE FLAGS 


029 


CD10C 


SH S 

* 

* 

* 

* BXLF.BXH 


YD.YD.IR 












02A 
02B 
02C 
02D 
02E 
02F 
030 
031 
032 


384 2C 
02C00 
OA882 
00D2C 
0E228" 
0A542 
0124C 
00D2C 
20C4C 


♦ 

BXLH B AMODtBXLHX 

LI AR.O 
BXL.hX A MDR.MDR.NF+NC 

L AR.YDP1 

C LQC.LOCINC 

A FiRO.YDMl.NF + NC 

L YDPltMRO 

L AR.YOPl 

L AR.MR0.D2 
* INCREMENTED INOEX TO AR. VECTOR 


FORK A-MX2) 

INCREMENT LOC 
(R1)+(R1+1) 

INDEX 
NOP 

THRU UR0M2 


033 


0CD04 


BXH S 

B 

NOBRAN L 

* 

* 

BXLE S 
R 

BRANCH L 
L 

OC 
* 

* 


AR.YD.CO 
C.BRANCH 
FLR.PSU.IR 

AR.YD.CO 
C. NOBRAN 
LOC.MDR 
FLR.PSW.IR 



COMPARE 


34 
035 


34038 
COEOC 


BRANCH IF INDEX GREATER 








036 ~ 
037 


~0CD0'4""" 

34035 _ 


COMPARE 

BRANCH IF INDEX NOT GREATER 


038 
039 
03A 


0028C 
COEOC 
00000 


DO BRANCH 
FILLER 







...._.* 

* BAL.BALR (ANsBRANCH ADKS) 




03B 
Q3C . 


0102C 
a62QC 


BAL L 



YD.LOC 
LOC.NULL 


DO LINK 
UO BRANCH 



71601 L3U 


/IfoGl 140 


71601 i.5U 


71601 L6G 


71601170 


716PH«0 


71601 L90 


71601 -00 


7ifeni ao 


71601 >20 


71o01 '30 


716C1 >40 


71601^50 


7160 1 <6U 


71601 >7U 


71601 ?&0 


716U1.J9U 


71601 50 


7161)1 510 


71601 52U 


71601 530 


71fa01 54U 


71601 550 


71601 560 


71601 570 


71601380 


71601 590 


71601400 


71601+10 


71601420 


71601430 


71601440 


71601450 


71601460 


71601470 


71601480 


7160149C 


71601500 


716U1510 


71601*520 


71601530 


71601540 


71601550 


71601^60 


71601570 


71601580 


71601590 


71601600 


71601&10 


716016PO 


71601630 


71601640 


71601650 


71601660 


71601670 


7160ibB0 


71601690 





in rnxi 


J AT; 


\ i-lCiiFL 7/16 '' 


IICKO-CODE 


3H 


COEOC 




* 
4 

♦ liTCtjrct- 


f LK »PSl> * II* 


3r 


3044? 




Brr. b 


r.Srv«OOU 


3F 


110A2C 




NOB L 


MAR.LOC 


OHO 


COEOC 




L 


t LR .PSW. IR 








* INSTRUCTION FETCH CON 

* 








* 

* HFCbFlK 




Oil 


3C43F 




BFC ft 


\ S K . N ri 


012 


062CC 




Don o 


EOC.NULL 


043 


COEOC 




L 


FLR.PS'*. IK 



LA13 ''AGE 4 

'71601 vor. 
71601710 
7160172C 
7 160 173 u 
71bl»1740 
7160175*) 
'71601 760 
71b0 177 
r «00n» 716017*50 

716 01790 
7160180 
71601810 
71601820 
71601330 
71601840 
71601550 
71601860 

* INPUT/OUTPUT INSTRUCTION SETUPS 71601870 
+ 7160 18P n 

044 01190 AIR L YD.IO.ACK ACKNOWLEDGE 71601o?G 

045 02E00 LI h-LR.O "Of 7160190; 

+ 71601910 

* rOWY.ON RDR.w'DR.RHR »WHP .OCR.SSR.AIR 71601920 

* 71601.130 

716313^ 

AtOKtSS THE DEVICE 716019<-0 

VECTOR THRU iiR0K2 71601960 

71601970 

71601980 

ACKNOWLEDGE 71601990 

NOP 71602000^ 

* 71602010? 

* COMMON RU.WU.RH.WH.OC.SS. Al 71602020 

* 71602030 
04h 01900 RXIO L IO.YD 716020'+!' 
04C 01910 ' L IO.YD.AORS ADDRESS THE DEVICE 71602050 

* 71602060 

* COMMON STR.CB.CLB. AHM « RU « WD . RH ♦ WH . OC . SS . A I 7 16 0.2 07 'J 

* 71602080 

04D 0E228 STB C LOC.LOC.INC INCREMENT LOi 71602090 

04E__38450 P AP"OD»STRX 71602100 

04F A0A8C L MAR .MpR . PiR+02 VECTOR THRU DRO!^ 71602110 

* ' 71602120 
"050~~AAT82 STBX A MAR « «DR « NF+NC+MR+D2 VECTOR THRU DR0M2 7160213C 

* 7160214) 

7160215G 
7160216C 
71602170 

051 02 CFF STBR LI ARt^FF* '71602180 

052 04DCC M AR.YS 71602190 
055 089C C X F.DR.YS CLEAR LO 2ND OP 71602200 



046 


01900 


PRIU 


L 


TO .YD 


047 


01910 




L 


IO.YD.AORS 


048 


209CF 


* 


L 


r.DRiYS«CS + D2 


049 


01190 


* 
A I 


L 


YD. 10. ACK 


04A 


02E0O 




LI 


I- LR.O 



* 

* BYTE 


HANDLING INSTRUCTIONS 


STBR 

* 


LI 
M 
X 
LI 

N 



ARt »FF» 

AR.YS 

F.DR.YS 

AR.'FF* 

AR.YD 

YS.MDR.D2 


* 
STB1 


L 


MDR.YO.CS+MW 



054 02CFF LI AR.'FF* 71602210 

055 04 00C N AR.YD CLEAR HI 1ST OP ._ 71602220 

056 2768C YS.MDR.D2 TONOCCC 71602230 

71602240 
7160225C 

Q5.7 4Q90F STB1 L MDR.YO.CS + MW INSERT BYTE & STORE 71602260 



INT'k.jMA iiUDLL 7/16 MICRO-CODE 05-048R01A13 



f AGE. 



5 J 


0OA2C 


n^9 


coe:oc 


OF A 


02CFF 


5U 


251CC 


OJi-C 


0C8F 


05D 


024FF 


5E 


0504C 


osf 


00A2C 


060 


CQEOC 


061 


02CFF 


06? 


0450E 


063 


00C8F 


064 


026FF 


065 


04C6E 


066 


0CC4C 


067 


C0A20 



068 211CF 



069 


01883 


06A 


01887 


6B 


C0A2C 


06C 


1784 


06D 


C0A2C 


06E 


00983 


06F 
070 


00987 

4 base' 


07.1 


C0A2C 



„0 72 01788 

073 00A2C 

074 COFCC 



075 00983 

076 0098B 

077 40E8F 

078 C0A20 





L 


MARtLOC 


$ 


1. 


FLR»PSW«IR 


+ 






LijK 


LI 


AH, »FF» 




M 


YD,YS,D2 


* 






* 






LB 


L 


AK»MDRtCS 




LI 


r-lROt'FF* 




M 


YO»MR0 




L 


MARiLOC 




L 


FLRtPSmlK 


* 






* 






CLB 


LI 


ARt «FF» 




r, 


MROtYD«NF 




L 


AR»MDR»CS 




LI 


KR1»"FF' 




N 


ARtMRl»NF 




S 


AR«MRO 




L 


HAR»LOC,WC+IR 



EXRK 



Y0,YS»CS+U2 



* If 
* 



WD 



* 
ROR 



* 
RO 



* 
SSR 



* 
* 

s s 



.'PUT/OUTPUT INSTRUCTIONS 



L IO«MDR'tCS 

L TO»MOR»CS+DA 

L MARiLOCtlR 



L YS»IO«L)R 
L MAR,LOCtIR 



L MORtlOtCS 

I. MDR»IO f CS+DR 

L MDR,MDR,MW 

L KAR»LOC,IR 



L YS»IO»STAT 
L MAR»LOC 
L FLRtYStIR 



L MDR»IO,CS 

I. MDR»IO»CS + STAT 

L FLR»MOR»CS+MW 

L MAR«LOCiNC+IR 



ADI-S NEXT INSTR 



TO uOCCC 



LOAL LO 

ADRS NEXT INSTK 



1ST OP BYTE 



2ND OP uYTE 
DO -COMPARE 



TO UOCCC 



DATA AVAILABLE 



DATA REQUEST 



DATA REQUEST 
STORt IT 



STATUS REQUEST 

NOP 

LS 4 BITS TO CC 



STATUS REQUEST 

LS 4 BITS TO CC, STORE 



71601 >70 


71602 -'£0 


71601 '90 


71601 SOO 


7160 J no 


71602 <>20 


71602 530 


71t>02 MiO 


71602 >5G 


71btia<60 


71602 >70 


71602 *,8u 


71602 '.90 


71602 ,00 


71632*10 


71602-20 


71603,30 


71602 40 


71602 50 


71602 s 6 j 


71602 s 70 


71602- 80 


7160<i* 9u 


71602*. 00 


71.602! 10 


71602! 20 


71602t 30 


71602! 4 


71602* 50 


71602* 60 


71602? 70 


71602180 


71602? 90 


716021 00 


716021 10 


71602120 


71602*30 


71602ft 40 


71602150 


71S02E60 


71602170 


71602680 


71602E90 


71602700 


71602710 


716027?G 


71602730 


716027+0 


716027 50 


716027SC 


71602770 


716027^0 


71602T90 


71602iab 


71602S10 


716021'G 


71602H0 



INTK.K^ATA iVJuLL 7/16. Pi I LRO-CUDE 05-048R01A13 ''AGi. h 

079 01383 oc: L lCiMUR»C.S 71602640 

07A 0188P L I0,M0R,CS+CM0 OUTPUT CO^MAMD 71602550 

071-' C0A2C L iSAR.LOCIR 71602660 

71602870 
71602860 
716028 c »0 
71602900 
FINAL rtOKS 71602910 

716025*20 
STAkT AtjRS 7160293U 

STAKT MINUS E'WO' 71602940 

START GREATER ThA*i END 71602950 

71602960 
ADDRESS THE DEVICE! 71602970 

71602980 
OUTPUT COMMAND 71602990 

71603000 

71603010 

71603020 

71603030 

BAD STATUS 71603040 

JUS! TiUSY 71603050 

INCUT DATA 71603060 

71603070 

71603060 

TEST 71603090 

71603100 
HON ZLKO 71603110 

SKIP LEADER 71603120 

71603130 

71603140,, 

71603150 

IPLE, SUPERVISOR CALL 71603160 

71603170 
SAVt LIviSTK 71603180 

71603190 
ISOLATE YD FIELD 71603200 

71603210 
MR0=2X YD FIELD 71603220 

(X2) TO AR 71603230 

71603240 



07C 


0068C 


70 


82A78 


7E 


02C80 


07F 


0C66C 


8 


342E0 


081 


01883 


082 


01893 


083 


01880 


084 


01888 


85 


82A80 


86 


00F88 


087 


33AE1 


088 


34086 


089 


00584 


08A 


0084F 


080 


02CFF 


08C 


0444C 


08D 


02C01 


08E 


31A4A 


08F 


30086 



090 


00481 


091 


2C78 


092 


0444C 


093 


0441 


094 


00441 


095 


80DCC 


096 


01228 


097 


38499 


098 


02C00 


099 


8AA8C 


09A 


02C1E 


09 B 


844C 


._.. 09£_. 


„22C02 


09D" 


~ 4 09~2Cf 


09E„ 


0C444 


09F 


3403F 


OAQ 


2AAAB 


OAl 


0128C 


QA2 


0C444 



oc 


L 


lCiMUR«CS 


* 


L 
L 


IOiMOFUCS+CMO 
iSARtLOC t IR 


* AUTC'l 


.OAD 




AL 


L 


MR1 ,MRR 




LI 


NARi , 76« ,MR 




LI 


AR, »8C» 




S 


MR1,MR1 




B 


C , F I N I S 




L 


io,mor,cs 




L 


TO»MDR»CS+ADRS 




L 


IOtMPP 




L 


IO»MDR,CMU 


* 


LI 


MAR, •80 t .MR 


* 
1NAL 


L 


FLRtlOtSTAT 




B 


VGL,ENU 




B 


C tllMAL 




L 


MR Ot 10 , OR 




L 


rfDRtMROtCS 




Li 


AR, «FF» 




N 


i-'R0,MR0 




LI 


AR,1 




H 


GL.LOOPR1 


* 


B 


INAL 


+ 

* STORE MULTIPLE* LOAD MULT 


* 
STMLM 


L 


MR0»MDR • SR + NC 




LI 


AR, '78* 




N 


M.R0,MR0 




L 


HRO,MRO,SR+NC 




L 


MR0»MR0»SR+UC 




L 


AP»YS»i«R 




C 


LOCLOC, INC 




B 


AMOD, STMLMX . 




Li 


AR,0 


STMLMX 


A 


MAR,MDR»MR 




LI 


AR, 'IE 1 




X 


f-iRO.MKO 




LI 


AR,2,D2 


* 






* 






STM 


L 


K)R,YDP1,MW 




S 


MRQ»MR0»CO 




B 


Cm OB 


- 


A 


MAR»MAR»NC+D2 


4c 






LP! 


L 


YDPltMDR 




S 


MR0»MR0,CO 



71603250 

71603260 

FETCH A+(X?) 71603270 

7160 3280 
COMPLEMENT COUNT 71603290 

71603300 
71603310 
71603320 
STORE REGISTER 71603330 

DECREMENT COUNT 71603340 

DONE 71603350 

LOOP THRU DR0M2 7160J5360. 

71603370 
71603380 
LOAU REGISTER 71663390 

DECREMENT COUNT ... 71603400. 



INTf.RDATA MODEL 7/16 MICRO-CODE Q5-048R01A13 



PAGE 



0A3 


3403F 




a 


CiNOB 


0A4 


AAAAO 


* 


A 


MAR«MAR«NC+MR+D2 






* 

* SHCHT BRANCHES 


0A5 


3G43F 


BFFR 


B 


MSK»NOB 


0A6 


02C02 


DOFRB 


LI 


AR.2 


0A7 


OC22C 




S 


LOC.LOC 


0A8 


02COF 




LI 


AR»'F» 


0A9 


24C8C 


* 


N 


ARiMDR.D2 


OAA 


OCCCO 


* 
BKWU 


S 


AR. NULL* IMC 


OAB 


0A220 


FRWU 


A 


LOC«LOC«NC 


OAC 


OA220 




A 


LOCtLOCtNC 


OAD 


COEOC 


* 


L 


FLR»PSW«IR 


OAE 


304A6 


* 
BTFR 


H 


MSKtOOKKH 


OAF 


00A2C 




L 


MARtLOC 


one 


COEOC 


* 


L 


KLR»PSW»IK 






* 

+ SHIFT INSTRUCTIONS 






* COMMON ! 


SRLS*SRHL .SRHA 


OBI 


0E228 


SRH 


C 


LOC»LOC»INC 


' 0B2 


384B4 




B 


AMQD»SRHX 


0R3 


02C00 




LI 


AR»0 


OB 4 


0A882 


SRHX 

* 

SRLS 


A 


MDR»MDR»NF+NC 


OB5 


02C0F 


LI 


AR» »F» 


OB6 


0488E 




N 


MURtMDRtNF 


0B7 


01106 




L 


YO»YD»SL+CG 


OB8 


004CD 




L 


MROtNULLtSR 


OB9 


22C01 


* 
* 
SRHL 


LI 

S 

B 


ARil«02 


OBA 


0C886 


MDR»MOR«NF+CO 


OBB 


340C2 


C» SRHLX 


OBC 


00446 




L 


MR0»MR0«SL+CO 


OBD 


'21100" 


* 
SRHA 


L 

S 

B 


YD»Y0»SR+D2 


OBE 


0C886 


MDR1MOR1NF+CO 


OBF 


' 340C2 




CtSRHLX 


oco 


00646 




L 


MR1*MRO«SL+C0 


OC1 


2110D 


* 

SRHLX 


L 
L 


YD«YD»SR+D2 


0C2 


004<f6 


MR0»MK0«SL+CO 


OC3 


0110D 




L 


YDtYD.SR 


0C4 


OOA20 




L 


MAR»LOC»NC 


... QC5 


£71HX 







YDfYD.NA+NC+IR 



UONE 

LOOP THRU 0K0M2 



POINT TO HERE 
DISPLACEMENT (D) 

ARr-D 
L0C+2*(AR) 



FORM A + (X<>) 



COUNT 
PRE -SHIFT 
SAVE. SIGN 



DECREMENT COUNT 
DO WE 

SIGN TO CARRY 
LOOP THRU 0R0M2 



DECREMENT COUNT 
DONE . 

PROPOGATE SIGN 
LOOP THRU DR0M2 

CATCH LAST BIT 
COMPENSATE PRE-SHIFT 



*20 
»30 
: *4Q 
i50 



71603 ao 
71603*20 
71603 130 
71603 +40 
71603 »50 
71603 >60 
71603 ^70 
71603 *80 
71603 »90 
71603 »00 
71603 ilO 
71603 
71603 
71603 
71603 
71603 »6U 
71603 -j70 
71603 >8D 
71603 )90 
71603^09 
716 3 ,10 
71603 ,2 
71603 ,30 
71603 ,4 
71603 ,50 
71603 .60 
7 16 3. 70 
71603^80 
71603f>90 
71603 '00 
716C3 '10 
71603*20 
71603~ ? 30 
7160 3 '40 
71603'50 
7160 3T60 
71603^70 
716 03-80 
71603" 90 
71603* 00 
71603* 10 
716033 20 
7160* 30 
71603*40 
71603*50 
71603*60 
71603170 
71603180 
71603190 
71603*00 
71603510 
71603E20 
71603150 
71603^40 
71603| 50 
71603B60 
71603^70 



K:6 


110ft 


0C7 


oufecn 


ICO 


0E228 


. ! C9 


384CF> 


OCA 


02C00 


OCB 


QA882 



IMTFRUATA tfCH.'EL 7/16 M I CKO-CuOF 0S-Q4 8R0 1 A13 r- AGE A 

+ 716 398 

* CUHMO r y SLLS.SLHLtSLHA 71603990 

* 71604000 
SLMa L YD.YDtSL+CO 71601+010 

L MH-1 »NULL»SP SAVt Sli»f\i 71604G2.U 

■* 71604030 

3LH C LOCtLOC«ir>iC 71604040 

H /a»w!OD,SLHX 71604050 

LI AR,0 71604060 

SLMX A ^DRuMDRiNF-fMC FURi" A+{X2) 71604070 

* 71604 08 
OCX 02CQF SLI.S LI AR,»F» 71604090 
OCT Q488F N U&K»l»!UfNllF' CCbi.T 716CU100 
OLE 01105 I. Yf),YD»SR + LG PRi SHIFT 71604llu 
OC.F 004CE L ^RO,iMULL,SL SAU. LSR 71604120 
000 22C01 Li AR»ltU2 7160413O 

* 7160414 3 
+ 7160415) 

nn'l 0C836 SLHLL S MDR « MDK » fJF +C0 DECKF.r.ENT FOUNT 71604160 

0D2 34005 B LtSLHLX FOUL 71604171. 

0D3 00445 I. MR0««R0«SK + CO 71604180 

0D4 2110F L YDiYD.SL+U2 LOOP THRU DROM-? 7160419J 

* 71604200 
0F5 00445 SLHLX L KRO «MKO i SK+CO 71604210 
0D6 0110E L YO.YD.SL COMPENSATE PRE-SHIFT 71604220 
0D7 00A2O L MARtLOCiNC 71604230 
QD8 C7X01 YDtYDtM'A + NOIR 71604240 

* 716042? 

* 71604260 
0D9 0C686 SLUAL S MDK » MDH ♦ NF + CO UECRE>ENT COUNT 71604270 
ODA 340DC H C«SLHAX 71604280) 
ODD 2110E L Yf-1«YD»hL + D2 LOUP THRU DRUM,? 71604290 

* 71604300 
OOC 00C6C SLHAX L AR,«MR1 SIGN TO AH 71604310 
ODD 00706 _ L PK1,YD»SL+C0 SFT C 71604320 
ODE 00661 I. MRlfRRl»SK+NC 71604330 
ODF C7060 YDtMRltNC-fIR 71604340 

* 71604350 

* 71604360 

* COMMON SRL.SRA 71604370 
* 71604380 

SR B AMGD«SKX 71604390 

LI AR«Q 71604400 

SRX A WDRiMDRtNF+NC 71604410 

L MRltYDPl 71604420 

LI AK,»1F» 71604430 

L YD.YD,SL PRt-SHlFT 71604440 

L RR1»MR1,SL 71604450 

L MR0»NULL«SR SAVE. S I G r 4 71604460 

N FiDRtPURtNF + NC MDK = GOUNT 71604470 

0E9 J22CJ21 LI AR«1«D2 VECTOR THKU DR0M2 7160448G 

* 71604490 
— - * 71604500 

* 71604510 
OEA 384EC SL R AKOD.SLX 7160452U 
OEB 02C0O LI AR»0 71604530 
DEC UAB&2 SLX A MDR »MDR i NF+NC 716Q454Q 



OEO 


384E2 


0E1 


02C00 


0E2 


6 A 882 


QE3 


5.0 7.2 C 


0E4 


02C1F 


.ftE5. 


0110E 


0E6 


0066E 


QE_7_ 


00_4CQ 


0E8 


04882 





INTi. 


"RljATA i 1 


: ',ODF 


I 7/16 


MiCRO-CGDt' 05-1 


348RQ1A13 


GEO 


72 






L 


MRltYDPX.SR 


PRL-ShlfT 


OE.L 


2 C 1 F 






Li 


AR» *1F» 




OFF 


1 1 






L 


YD«YDt3R 




OFO 


QQ4CE 






L 


MROtNULL«SL 


SAVt LSH 


OF1 


0<4882 






N 


MDR»MDR«NF+NC 




0F2 


22C01 


* 




LI 


AR«1 tD2 








* 

* 


CUM 


MON SLA 


♦RRL.RLL 




OF3 


304F5 


RLR 


B 


AMOPtRLRX 




OF4 


02COO 






LI 


ARiO 




0F5 


GA882 


RLRX 


A 


MDRtMDR»NF+NC 




OF6 


0072C 






L 


KRltYOPl 




OF 7 


00462 






L 


MR0.MK1.SL+NC 




OF8 


0441 






L 


MRO»MRO»SR+NC 


STRIP SIGf 


OF9 


02C1F 






LI 


AR. UF» 




OFA 


0488F 






N 


MDRtMDKtNF 




OFP 


22C01 


* 




LI 


AR«1»D2 








* 
* 


COMMON INTERRUPT SUPPORT 




OFC 


389BA 


HELP 


B 


MALF,TFST 


PPF OR f>pl 


OFD 


3C1BE 






B 


ATN,TESTO 


ATfJ + PSKOl 


OFF 


3A16<+ 






H 


CATN,CONSER 




OFF 


30156 






B 


UISPLY 





PACF 



/lhii« ,50 
71bn«# ,60 

;ini :| j (70 

71 of'l i80 

/Ibi *♦ >9Q 

flfe? ! 3 .10 

f Ifet if .?IJ 

71fcD«» iSU 
/1.6U4 ,40 
/lfefl4 ,50 
7 160 4 >60 
71604 ,70 
71601 .80 
/Ifel <• ,90 
71604 ? 00 
71604 f 10 
7 lb it 20 
/X604 f 5n 
71604 **»0 
/16f 4 '50 
71604 '60 
716C<* '70 
^'16f-4 80 
716I>4 'SO 
?16l4 »0u 
/16C.t» ild 
/lfel<4 »20 



Ii.T' 



7 / 1. 6 



LPO-C'JPF Ob-OufcKOlAl^ 



100 



* .(■- 



: - L I"' 



l-'O OpfcOO 

10 1 3 C 1 3 

10c 02601 

10 2 2 *; 5 

105 018 50 

lOt. 32137 



107 


F a 3 


108 


3** 107 


109 


D 8 7 


10 A 


0QF88 


lnti 


341GA 


IOC 


00181 


ion 


OObDO 


IDE 


0b002 


1CF 


OOF 68 


110 


341CF 


111 


00C87 


112 


O0F68 


113 


34112 


11** 


0038** 


115 


Q622C 


116 


00F88 


117 


34116 


118 


00087 


119 


OOF 88 


11A 


34119 


11R 


01B8H 


11C 


06AAC 


110 


O0F88 


HE 


34110 


11F 


00D87 


120 


00F88 


121 


34120 


122 


78** 


.--123... 


Qfc66 C 


12** 


OOCAC 


125 


0C66C 


126. _ 


3**15F 


127 


82C01 



128 00F88 

129 _31?_5£_ 
12A 3**128 

_12a_..QQ9&3. 

12C 00987 

120 **C66C 

12E 341CA 

12J 8AAAC 



p*pop 


Li 


.-.rl ,0 




r- 


RwRUPX 


A R S T 


LI 


oni%i 


PWKIP> 


Li 


.-rc » »0-j» 




L 


10 ,MRO 




L 


iO , I^PO , AORS 




u 


V »P*RUP2 


* 






* AUTO 


-BOOT 


LOAOER 


AllTul 


L 


f l.Ri 10, STAT 




R 


■ C , A U T 1 




L 


/■P.. IOtOR + LS 


AUTO? 


L 


KLP t IOtSTAT 




ti 


C , AUTO^ 




L 


RSa 1 , 10, OR 




L 


!^P1 iM.1L ♦UC + JA 







PSW»PSrf ti\]F+NC 


A Li T 3 


L 


F L K , I , S T A T 




B 


C i A u T C 3 




L 


,.P, 10.DP + CS 


A ; , T 4 


L. 


FLR,I0,STAT 




V 


C , AUT04 




L 


LOC, 10, or 







locloc 


AJT05 


I 


FLK, 10, STAT 




R 


C i AL-T05 




L 


AF , IO,LR+-CS 


AUTC-6 


L 


F L R , I , S T M 




b 


C , AUT06 




L 


r-'i Art, 10, DP 







r'AR,r*AR 


AUTC7 


L 


FLR,IC,STAT 




R 


L , AUTO / 




L 


ARt IO,OR+CS 


AUT08 


L 


FLR, TO, STAT 




B 


C , AUT06 




L 


r Pit 10, OP 


* 





1- R 1 , " R 1 


L 


AR ,"AR 




s 


MR1 , MH1 




R 


C I OLE 


* 
AUTCL 


LI 


AP,1,*R 


L 


¥ L K , I , S T / 1 T 







\/GL, IULE 




P 


C , AUTOL 




L 


^DR,IO,CS 




L 


KDR,I0,CS+DP 




S 


KRl«nPi«nw 




P 


CTEST2 




A 


T'AR,MAR,*R 



■ '-.'JTO-REST Mi-T 

a T <„ - U E S T A P T 

ALMJ:-CSS ThL 
L OAi.-ER i TOP ACE i 
IF FAl.St SYNC 
,jO AOTO-HCOT 



mT CC. 
; j t W F P *t 



wF, LG, 



START AL D S 



FINAL APRS 



STAFT "ifJUS Z.UV 



bAO STATUS 
LOCr C. SUSY 

INPuT uATA 

00- E 



7160*6 M 

71r J C16 i *C 

71604650 
71604860 
71feOt*870 
7160468 
7^60 4890 
71604900 
7160491u 
71604920 
7 1 6 4 9 3 
71 6049'+ 
716049=53 
71604960 
71604970 
71604980 
7160499CJ 
71605000 
71605010 
71605020 
71605030 
71605040 
71605050 
71605060 
71605070 
716050P0 
71605090 
716 510 
71605110 
71605120 
71605130 
716Q51**Q 
71605150 
71605160 
71605170 
71605180 
71605190 
71605200 
71605210 
71605220 
7160523.) 
716052**0 
71605250 
71605260 
7160527C 
71605280 
71605290 
71605300 
71605310 
71605320 
71605330 
71605310 
71605350 
71605360 
71605370 
71605380 
71605390 



1 3 1 


02A38 


132 


00 4-02 


133 


00442 


134 


0446 


135 


341C1 


13b 


3017D 



TNT, RuATA tfOUF.l. f/li, i-llCRO-COOE 05-U40RU 1 A1S PA&F 11 

130 3 U 12 ft B AUTOL 7160*400 

* 7160* +l(i 
+ 7160$ *-?0 

* YlhDb ibO 
IW LI MARfOWFSW flMiSmu 

L F,ROtPSW»SL + MC SHIM PSi--' 'II ? 71601 4^(1 

L MROtMRQtSL+NC 7160$ +60 

L nRO»MKUtSL + CO 71b05+7ii 

H CtGENSwP MALF SWAP IF SET 716()»4PU 

P- CLRWIT ELSE HUN 71603+90 

* 71b05iOO 

* NORMAL POWER UP 71605 j1 

* 71605-J20 
PWRNP? Ll MARiAPSWihK 71603-330 

L PSW,MOK LOAiJ PSW 71.fc.OS -.40 

LI MAR»ALOC,M(< 71609^50 

L LOCtMORVJC+JAM LOAD LOC 71805^60 

LI MAR.PNTR.MR FETCH RSAVE POINTER 71605 j7i) 

C NR0«MR0»CYD+CMp CLtwP YD ULLD 716C9\iftO 

LI MR0t»lh» COUNT 71b05 ,90 

LI AR»»2» INCREMENT 71605,0a 

L MAR.MDRt^R 7lbOS-.lL- 

* 716 3,20 
LMLP1 L YtjPltHUR LOAL REGISTER 71603m3;j 

S i-lR0««ROtCO DECREMENT COUNT 71605r,4o 

P CiENOLMl DONE 71605u50 

A MARtMAR«MR INCREMENT APRS 7l605t,60 

P LMLP1 LOOP 7160Si>70 

* 7 160 St. SO 
145 82A20 . ENDLm LI p* AR , » 20 • , MR FETCH SAVED STATUS BYTE 71603i>9.1 
14fa 00F8C L FLR«M)R r TEST IF LAST WAS RUN 71605 1 *00 

147 3394B B VGL,PWRUP3 WAR DOT RUN PODE 7160b 10 

* 71605 "2Q 

* DISPLAY WAS IN RUN MODE 71605 '30 

* ' 71605""40 

148 00E6C L FLR«MK1 TEST AKST FLAG 71605*50 

149 3C931 B LtilMF 00 MACHINE MALFUNCTION 71605* 60 
14A 30152 E LOCDIS SHOW LOCATION COUNT 71605 7U 

* 716057B0 

* DISPLAY WAS NOT IN RUN MODE PEFORE. POWER DOWN 71605" 90 
_* 716C5I0 

PWRUP3 LI NR0,1 7160 5f 10 

L IO^RO 71605*20 

L I0»MR0»ADRS ADDRESS THE DISPLAY 71605130 

L MR0,IO»STAT SENSE STATUS 71605£40 

L FLRiMKO' 71605150 

B CG»LOCOIS NO BOOT LOAD 71605160 

B LiNODSPL STATUS=XXXX 0X01 71605170 

* 71605BB0 

152 02400 LOCDIS LI MR0«0 DISPLAY 1 71605£90 

153 0062C .._.. L MR1,L0C DISPLAY 2 71605^00 

154 02845 LI MDR»»45« FN b=LOC 71605*10 

155 30191 ._ B OUTDIS 71605520 

* 716055-3G 
_. *. 71605f40 

* 71605S50 

156 Q24G1 DISPLY LI MRQ.l 71605560 



137 


82A24 


138 


OOOfiC 


139 


B2A26 


13A 


O029U 


13B 


82A2? 


13C 


0E454 


13b 


0241E 


13E 


02C02 


1.3F 


80A8C 


140 


0128C 


141 


0C444 


142 


34145 


143 


8AAAC 


144 


3014 



14B 


02401 


14C 


01840 


14D 


01850 


14E 


00588 


14F 


00E4C 


150 


35152 


151 


309AF 





ITiTf KuATA 


157 


01840 


158 


01850 


159 


00588 


15A 


0C64F 


15B 


ooe4c 


15C 


3419F 


15CJ 


3295F 


ise; 


3118C 



■■IGUtL 7/16 Hir.PO-CODf 05-048R01A1 3 



M,F 



15F 
160 
161 
16?. 



164 
16b 
166 
167 
168 
169 
16A 
16R 
16C 
16D 
16E 
16F 
170 
171 
172 
173 
174 
175 
176 



0L226 
3A163 
389D2 
3 016 



163 3*170 



02401 
01840 
01850 
00588 
00641 
00661 
661 
0661 
301D5 
02C0F 
08E62 
37971 
3Q17D 
00E6C 
32177 
80A2C 
30980 
31184 
30170 



A77_34JL5_6 
178 00E4C 
179 37956 



17A 02401 
17B OOEOF 
17C 342F4 

170 00(10 2 
17E 00001 
17E 2LQ03F 



10«MHO 

lOt^ROtAORS 

1-iKOtlOtSTflT 

MRlifoROtCS 

TLR,MR0 

CiRL'GDIS 

VLtlPLL 

G,PSWLOC , 



* un-interruptarle idle loop 



1DLL C 
10LE1 B 

p 

H 
* 
1DLEX P 

* FALL THRU T 
* 

* 

* console service: 



LOCtLOC.SWA+CMP 
CATNtlOLEX 

NALF,PWROWN 
IDLtl 

SNGL.CLKWiT 

COMSER 



CONSER LI 
L 
L 
L 
L 
L 
L 
L 
R 

BACK LI 
X 
R 
B 

MODE L 

R 

L 

B 
B 
B 

* 

* FUNCTION 



Fi\j 



* FUNCTION 
* 

H 

L 

B 
* 
CLRWIT L 

L 

B 



MR 0,1 

10,MRO 

10»MRO,AQRS 

MR 0,10* STAT 

MR1,MK0«SR+NC 

MRl,KKl,SR+NC 

MR1»MR1»SR+NC 

MRltMRltSK+NC 

PATCH 

AR, f 0F' 

FLR»MR1,NF+NC 

CVGCMQDF. 

CLRWIT 

FLR.MP.l 

V«FN 

MARtLOC »MR 
LtADRMW 
GtDISMEM 
CLRWIT 



C.DISPLY 

FLR.MRO 

CVGL«DISPLY 



MR0,1 

FLR»PSW»CS 

CtlOSVC 

PSW,PSW,SL+NC 
PSW,PSW*SR+NC 

NOB 



ADDRESS THE DISPLAY 
SEi--.SE STATUS 



GENERAL RtGlSTE 
PS*> OR LOG 



SET WAIT LAMP 
EXECUTE 
POWER IjOWi-i 
LOOP 

SINGLE STEP 



ADRb THE CONSOLE 
CONSOLE STATUS 
SHIFT STATUS BYTE 
RIGHT 4 PLACES 



TEST STATUS 0: 5 

FOP ANY HIT RESET 

IF SO, NO ROOT LOAD 

RUN IF ROOT LOAD 

TEST STATUS 0:3 

SGL« HALT, OR FN 

READ MEMORY 

ADDRESS OR MEMORY WKITF 

MEMORY READ 

ASSUME RUN MODE 



STATUS = 11XX XXXX 
TEST STATUS 4:7 
NOT FN 



TEST PSW04 

DO CONSOLE INTERRUPT 

RESET WAIT BIT 

DO USER INSTRUCTION 



7lb059?0 

7160598 

716 5990 

716060GQ 

71606010 

71606020 

71606Q3U 

71606040 

71b06050 

7160606U 

71606070 

71606080 

71606090 

71606100 

71606110 

71606120 

71606130 

71606140 

71606150 

71fo0f 16 

71606170 

71606180 

71606190 

7160B200 

71GU6210 

7160b22u 

71606230 

71606240 

71606250 

71606260 

71606270 

71606£80 

71606290 

71606300 

71606505 

71t>06310 

71606320 

71606330 

71606540 

71606350 

71606360 

71606370 

71606380 

71606390 

71606400 

71606410 

71606420 

71606430 

71606440 

71606450 

71606460 

71606470 

71606480 

71606490 

71606500 

71606510 

71606.520 



INTfRDMA MODEL 7/lb MICRO-CODE 05-048K01A13 
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180 


00980 


* 

* 

* 

AORMW 


L 


fcDRtIO 




181 


00984 




L 


MDR.IOtDR 


INPUT LO BYTE 


182 


0987 




L 


MDRiIO.DR+CS 


INPUT HI hYTE 


183 


31189 




B 


G.ADR 


ADRS r;oDE 






* MEMORY 


WRITH 




181 


4068C 


D1SMEM 


L 


MR1«NDR»MW 


DISPLAY 2 


185 


0E22E 




C 


LOC » LOC » INC+SWA+CMP 


INCREMENT LOC 


186 


004AC 




L 


MRO.MAR 


DISPLAY 1 


187 


02880 




LI 


MDR»»80» 


MEANS ADDRESS 


188 


30191 


* 


B 


OUTOIS 




189 


00881 


* 

ADR 


L 


MDR«MDR»SR+NC 


FORCE LOC TO BE EV 


18A 


00282 




L 


LOC»MDR»SL+NC 




18B 


30152 


* 


B 


LOCDIS 




18C 


0666 


* 
PSWLOC 


L 


MRltMRliSL+CO 


MS STATUS BIT 


18D 


34152 




B 


C, LOCDIS 




18E 


02400 




LI 


MR0»0 


DISPLAY 1 


18F 


0060C 




L 


MRltPSW 


DISPLAY 2 


190 


02844 




LI 


MDR,»44» 


FN 4=PSW 






* OUTPUT 1 


DATA TO DISPLAY 




191 


01860" 


OUTDIS 


L 


IO.MR1 




192 


01864 




L 


I0»MR1,DA 


md a: is 


193 


01863 




L 


IO.MR1 »CS 




194 


01867 




L 


I0»MR1»DA+CS 


MD 0:7 


195 


01840 




L 


IO,MRO 




196 


01844 




L 


JO.MROtDA 


MA 24:31 


l 3 j 


01843 




L 


IO.MROtCS 




198 


01847 




L 


I0*MR0»DA+CS 


MA 16:23 


199 


01880 




L 


IO«MDR 




19A 


01884 





L 


IO»MDR»OA 


MA 12:15 






* FLIP 


DISPLAY MODE TO CLEAR COUN* 
LI MR1»»80» 


rERS 


19B 


02660 






19C 


01860 




L 
L 


I0«MR1 
I0»MR1.CMD 




19D 


01868 




NORMAL 


19E 


J3015JL 


* 

* 
REGDIS 


B 
C 


IDLE 
LOC«LOC»CYD+SWA+CMP 










fgp- 


~0T236~~ 


CLEAR YD FIELD 


1AG 


02C07 




LI 

N 


AR»»7» 
MR0»MRG 




1A1 


0444C 




REGISTER SELECT 


1A2 


00666 




L 


MR1»MR1»SL+C0 


MS STATUS BIT 


1A3 


0044A 




L 


MR0tMR0»SL+CI 


TO LS POSITION 


1A4 


02C01 




LI 

L 


ARtl 
MDR»MR0 




1A5 


0084C 




SAVE REGISTER NOV 


1A6 


0C444 


REG LP... 


S 

B 


MR0«MR0«CO 
CfREGS 


DECREMENT NUMBER 


1A7 


341 A A 


FOUND 


1A£ 


._Q.fljT£(L _. 




L 


MRltYDPl 





71606* 30 
7160f.f'40 
7160bf 5u 
7160^*60 
7160bt70 
71606S80 
7160fcfc90 
7160bi00 
71606§10 
7160fei,?0 

716064 50 
71b0bfe40 
71606*^0 
71606i»30 
71606§7G 
7160bi«0 
71606fcl0 
716067 )0 
71b0b?l0 
716067 >0 
716067^0 
716067+0 
716067 iO 
71b067 >G 
716067^0 
716067 SO 

716067 *0 
71606810 

716068 
716068 
716068 
716068 
716068 
71b068<-0 

716065 
71606ft. U 
71606fl''0 
716069' 

716069 
71606%* 
716069T.0 
716069* 
716069! 
7160694 
716069" 
7160691 
716069* 
7160701 
7160703 
7160701 
7160702 
716070*0 
716070! 0_ 
71607010 
7160707 
71607010 
716070f0 



lA/> 


C0 4CC 


1AF: 


70C 


1AC 


02C20 


iau 


HbAgC 


3. At: 


30191 



1AF 


00584 


1B0 


00784 


1P1 


01S40 


1B2 


€1650 


in 3 


01860 


1R4 


01868 


1P5 


30107 



1H6 


80A8C 


1P7 


301C5 


1P8 


02E0 


1B9 


30001 


1BA 


0E446 


1HB 


02A38 


IMC 


389D? 


1PD 


301C1 



! 


-K1, MJLL 


L 


;',hi ,y;i 


L 1 


A P » » .? • 





; v iDH , PTJR 


t 


UUTUIS 



Ii"«"l"LKi.,/' r<: '■■■C-u.L! 7/i.- v .iLPO-COUE 05-048K01M13 ''^ >' 4 

3MA6 '■ i-.-bl. P 7160710 

f / 160 711 1 

fl.-bS ' > : RO«MJLL i< 1>>PL AT J /lb0 7120 

DISPLAY '?. 71607130 

'UUISTFf 71607140 

Mh.").KR 7160715U 

716Q716U 
7160717U 

* 716071fiii 

* 7160719b 

* 7160720o 
POUSPL L. MRO*IO»[)P AUTw-KOOT r^\j:r. 71607P1U 

L SRI, 10, OR COnr;/,ivD 71607220 

* 7160723C 
L IC^RO 71607240 
L jCMRCtAHRS ADDRESS THE Litv/TLE 71607250 
L .10«!"!R1 U6C7«!6i) 
L IOtMRl«Cf1D OUTPUT COWAf-'Q 71607270 
K AUTOl 71fc0 72.8f; 

* / 160 729*. 

* LUAP PHOORm«; STATUS UCRU 71607300 

* 7160 731 'J 
LPS* L riAR tMDR »f'IR 71607320 

I LPSW1 LOAu PS* 71607330 

* 7160734i> 
t 7160 7 351,. 
CO NT LI (L^O CLLaR FLAoS APO 7160 7360 

V STAhT+1 C ('; T 1 T.UE 1>STR. FFTC.ll 71607370 

* 71607380 
TtST C l-lKntMHOir.-'.P + Si.ii'. KESLT PAR MY AC AR,'* 71fa0739(> 

LI P-AR.O^PSW 71607400 

P MALF.PWROWN MUST PC PPF 71607410 

£ uFNSWF WL'ST I.e. !"!FE>Kv-i:r , 2 71607420 

* 71607430 

* 71607440 
IMF; 02A40 TPSTC LI i",AR , 1 PSW 71607450 
1RF 00E0F L FLI\,pSP*CS TISI PS ...,0 4 71607460 
ICO 342F3 B CtHSSVC IMrLP-T fiTE INTERRUPT 71607470 

* NORMAL INTERRUPT SERVICE 71607480 

* 71607490 

* GENERAL PSw SWAP ROUT I ^t" 71607500 

* 71607b! 

STPPC ul.fi PSw 71607520 

71607530 
STORE OLD LUC 7160754U 

71607550 

71607560 

71607570 

LOAU UC* STATUS 7160 7580 

LOAD -MLw LOC & CC 7160759Q 

71607600 
TEST PS I* 6 71607610 

QUEUE SERVICE" EUARLF. 71607620 

TtST PSW 71607630 

71607640 
71607650 
71607660 



1C.1 


4080C 


GE.NSWP 


L 


PER »PSW i *1 "w 


1C2 


0EAA8 




C 


HAR,MAR,IMC 


1C3 


4082C 




L. 


tfCKtLOCiMW 


1C4 


8EAA8 




C 


^AR,MAR»IUC+MR 


1C5 


0EAA8 


LPS mi 


C 


MAR* MAR* INC 


1C6 


8008C 




L 


PSW «MOR« MR 


1C7 


00290 




L 


LOC«MDR»MC+JAM 


1C8 


""OO EOF ~" 


TESri 


L 


FLR.PSW»CS 


LC2_ 


3JJLEX 




B 


GtOUEBl. 


1CA 


00C06 


TEST2 


L 


AR«PSWtSL+CO 


1CB 


341CD 




B 


CtWAIT 


ICC 


30 03F 




B 


NOB 
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1CU 


0E222 


ICE 


39156 


1CF 


3C8FC 


1D0 


3A163 


mi 


301CF 



102 
103 
1D<+ 



1D5 
1D6 
107 

ma 



109 
IDA 
10B 
IDC 
100 
IDE 
IDF 
1E0 
1E1 
1E2 
1E3 
IE** 
1E5 

its 

1E7 
1E8 



1E9 
1EA 



02A2I+ 
4G80C 
30 IE 6 



02A20 
H086C 
391D9 
3016D 



80A2C 
'30 IBS" 
00000 
"00 000 
00000 
00 000 
00000 



02A26 
1Q82C 
0E230 
82A22 
"6'2«flE"' 
02C02 
00A8C 

"V692C" 
OC^t^ 



341F7 
OAAAO 



* IMTERRUPTABLE WAIT LOOP 
* 

WAIT C LOC»LOC»SWA 
B SNGL^DISPLY 

WAIT1 B MALF+ATN.HELP 
B C/\TN«IDLEX 
B hi A I T 1 

* 

* 

* POWER Dowr 
* 

PWRDWN LI MAR.APSW 

L MDR»PSW«MW 
B PWRDN1 

* 

* 

PATCH 



* 
CONTIN 



PWRDN1 



ST ML PI 



1EB 301E7 



1EC 82A80 



* 
* 
* 
QUEBL 



1ED 
1EE 



02CFF 
80A8C 



1EF 
1FJJ_ 



02E00 
02A82 



1F1 
1F2 



0<*C8C 
5XIC1 



1F3 301CA 



LI MAR.»20» 

L MORtMRitMW 

B SNGL»CONTIN 

B BACK 



L MAR«LOC»MR 

B CONT 

DC 

DC 

DC 

DC 

DC 

LI MAR«ALOC 

L MDRtLOC»riW 

C LOC»LOC«CYD 

LI MAR»PNTR,MR 

LI MRQ,»1E» 

LI AR»2 

L MAR.MDR 

L M0R,YDP1,MW 

S HR0«MR0»CO 

P C»POW 

A MAR«MAR»NC 

B STMLP1 



LI MAR* •80» «MR 

LI ARt'FF* 

L MAR«MDR«MR 

LI TLR.O 

LI MAR,*82« 

N ARtMOH 

B GtGENSwP 

B TEST2 



SET WAIT 
SINGLE STLP 



LOOP 



STORE PSW 

SKIP PATCH AREA 



SAVE STATUS BIT 0:3 IN CORL 
LOCATION X»20» ON EVERY CATi^ 
KEEP GOING IF CATN & SNGL 
GO TEST STATUS 



GET 1NSTR BACK IN MOR 
AND CONTINUE INSTR FETCH 
FILLER 



STORE LOC 
CLEAR YD FIELD 
FETCH POINTER 
COUNT 



STORE REGISTER 

DECREMENT COUNT 

DONE 

INCREMENT ADPS 

LOOP 



FETCH ADRS OF QUEUE 
FETCH 1ST HW OF QUEUE 



TEST NO-USED TALLY 
NOT EhPTY. DO SWAP 
LIST IS EMPTY 



f 1 h / 6 
f 1 6 f & 
/ 1 6 U ' 6 
flbO t'f 

/ 1 fi (3 i "i 



f 1 t* U / 1 ' U 


7160 77 


fx.hn n l 


71. foG f 1 ■ 


/ 160 77 


n.feo /■* -0 


/ i 6 ij i # 'H 


M6Q /# • «* 


7160 '• I 


7160/1 T 


rifco/f >r 


7160 /I -0 


716 f f ' i 


7160 /# >( 


riso'rt ? ( 


716071 f 


/lh!) l| I s " 


/loti »fe n 


7160 ft *r 


7l607f K 


fl€>Ot% ( f 


7160 71 t 


/160'f U 


7160 71 H 


716071 j* 


716071 ,1 


H60 f% ri 


7l60 7f M 


7160 /• *t 


7160SC H 


7160Bf U 


71,6081 3 l 


716081 51 


7lfeOB[ K 


716081 if 


71608C- >C 


716081 /{ 


7I608C 1i 


71608C 9i 


716081 If 


7160M li 


716081 ?i 


7160SI 5( 


716081 +r 


716081 5( 


716081 sr 


716051 n 


716081 *f. 


716081 3f 



INTFKi 



1F<4 



2CFF 
3 *' F '+ 



1F7 OCftBC 
lF'ti P-L221 



I /' MOLLL 7/ If : UCRO-Li.,)[ 05- G^ bFO 1 A 1 1 
3 J NT 



FuU 



Li 


f .. k « » F F « 


N 


hPo,riLM>: 


!"■ 


IOSVC 



LCC.LOC ff'UW 



! AGf 



DEVICE :\illMF<l> 
.'alMUL/'-.TE. IUTt KRi.iPT 



«M. 1 TOR MFHORY 



7 16 a 21 '. 
716062?:) 

7160624-0 

7160 82?!) 
7lfo08?fcU 
71fcCfc27C 





I r.l 1'' h l 


.AT;- :' 


r :0 : Jf- i. 


7/1 


6 KICRO-ClDC Ob 










'. i|\C 


» 2 U • 






* 


'-U.LF 


WOivl' 


10 






* 








?. U G 


on.^cc 


Wl 


U' 


I. 


ftOP.YS 


201 


01883 


V* 


,1 


1 


IO.MDKtCS 


? 2 


01687 






L. 


lOifiORtCS + UA 


?03 


30205 






n 


i-jHRl 


r"'H 


9CC 


Wi 


il<:i, 


L 


MOR, YS 


2 r , 


01680 


- u: i 


ih.l 


I 


ICWMDK 


2 o b 


niMpif 






L 


lOtMDHfOA 


?ni 


CIIA2C 






I. 


f Art* LOG » TK 


■■> ,"j f. 


CQa2C 






L 


i-';AK,LUC 


< r; f :' 

._-' 1, ;, 


3 C 2 1 

1 / - 7 


* 


:!< 


!. 


. Mi 

AR » ] iiik+i.li 


( i * '. 


:U t '10 


^ ! 


,1 , 


i 


I'HRl 



Ob-0'*8K01A13 



PAGF 17 



C4LGC 



2 0L 0178<* 

2 OF CUA2C 

210 00S84 

211 C764E 



212 


087 


213 


564 


21*4 


**fcate 


21b 


C0A2C 


216 


02GG0 


217 


30213 



218 QODOC 

219 4A68C 
21 A C0A20 



* T ( SI M;.| 



THI 



a'OIUi I.i':rtL.L.'I.^rF 
. \P»YP» IR 



RHh 





L 


ilAR*LOt « IR 


RhHl 


L - 


MPO, If), UH 







YS«l"RO«NF + IH 


RH 


L 


AR tlO«UR+CS 


RH1 


L 


f'R0« 10, DK 







IMDR»MRO«.\JF +MW 




L 


MAR ♦ LOG t IR 


* 






RHI-i 


LI 


AR«0 
\< H 1 


* 






* 






* .ADD 


HALFWGhU TO .■MtMHY 


* 






AHM 


L 


mR,YO 




A 


MURfflDRfMrf 




L 


f^AKiLOCff-JC + lR 



* RLOCK 10 



218 


0068C 


RWPNR L 


IW1,M()R 


21C 


00 5CC 


L 


MRO, YS 


21D 


01900 


L 


10 • YI3 


21 L 


01910 


L 


10iYD*aDRS 


21F 


02C0F 


LI 


AR» »F • 


220 


Ofc.230 


C 


loc»loc»cyd 


221 


0466C 


N 


MRltMRl 


222 


02C01 


LI 


AR.M* 



OUTPUT TwO dYTES 
HI UYTL 



OUTPUT Oi-lf. HALF WORD 
OUTPUT LO 

EVLU 

l.-iPuT ThO i'YTKS 

output UMt: liALf^ ofi^ 



li\tPUT oi\,E MA LF WORT. 

INPUT LO 

CO*it>lM£ 

INPUT TWO h.YTL.S 
LO bYTt 



INPUT ONL HALFWt'KD 



liAVL IfaSTR 
START AOKS 

^DURESS TPE OEVILL 



YS HELL 



71fe062 


U 


71e.0f J 





71b08J 





7K.0P3 





716f.8i 





71 bU/J 





7ib08,5 





716083 





/lbnaj 





716063 


u 


71608.;* 


u 


716063 


■J 


7 1 1> I J fi t 


a 


716 0^1 




7 1 6 f < 8 4 


u 


7 I £ . U •'■■ <4 


i, 


llhVh --4 




/H)U' '* 




n^'~ «« 




/in. f 4 




7 18iJf * 




7ir,n.' ■■<* 




71 Mif.i 




/If.'i? n 


r 


7 1 h f H 




71 HP- :i 




7 1 G G f 'J 




7lb-Ji.3 


ij 


7160** 


■j 


7 ie>o as 


ii 


71 feU A3 


u 


716083 


L» 


71608ft 


u 


71606« 


(1 


7 J 6 8 fat 


'J 


7 1 6 8 & 


J 


71608* 





716C8S* 





7lfa08# 





71608S 





71608& 


G 


71608ti' 


•n 


71feOP» 





71608?! 


u 


71608. 7L 





71608? 


d 


716087* 


1) 


716067I 4 


U 


riboeT* 


u 


71608? 


fi 


716 8 7* 


("i 


71608?' 


u 


7 1 6 8 »• 


u 


7 1 o U 6 1» 


u 


71608tt 


f J 


7160 8 « 


tl 


71608«< 
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223 


00B2C 


RWtiKl 


L 


HARiYDPl 




71608850 


224 


0C66C 




S 


[1R1»MR1 


MAKE YD FIELD 


71608860 


225 


34227 




R 


C*RW«R2 


EQUAL YS FIELD+1 


71608870 


226 


30223 




B 


RWBR1 




71606880 






* 
RWBR2" 


L 


MRl»YD f D2 


FINAL ADRS 


71608890 


227 


2070C 


71608900 






* VECTOR ' 


ruRU DROM 2 




71608910 






* 








71608920 






* 








71608930 


228 


01900 


RWBRX 


L 


iOtYO 




7160894U 


229 


01910 




L 


IO«YDtAORS 


ADDRESS THE DEVICE 


71608950 


22 A 


3862C 




B 


AMODiRWBXX 




71608960 


22B 


02C00 




LI 


AR.O 




71608970 


22C 


8AA8C 


RWBXX 


A 


MAR»MDR,MR 




71608980 


22D 


02C02 




LI 


AR«2 




71608990 


22E 


0048C 




L 


MRO.MDR 


START ADRS 


71609000 


22F 


8AAAC 




A 


MAR, WAR » MR 




71609010 


230 


0E228 




C 


LOC*LOC»INC 




71609020 


231 


2068C ... . 


* 


L 


MR1,MDR»D2 


FINAL ADRS 


71609030 
71609040 







* 

* 








71609050 
71609060 


232 


00 etc 


WB 


L 

S 


AR.MRO 
MR1»MR1 


START MINUS END 


71609070 


233 


0C66C 




71609080 


234 


342E0 




B 


C, FINIS 




71609090 


235 


02C01 




LI 


AR«1 




71609100 


236 


80A4C 




L 


MARtMROtMR 




716l>9110 


237 


00F88 


LOOPW 


L 


FLRtlOtSTAT 




71609120 


238 


37A3F 




B 


CVGLtTESTW 




71609130 


239 


01883 




L 


IO«MDR,CS 




71609140 


23A 


01887 




L 
S 


I0»MDR,DA+CS 
HRltMRl 


OUTPUT DATA 
DECREMENT COUNT 


71609150 


23B 


0C66C 




71609160 


23C 


342E0 




B 


CtFlNlS 


DONE 


71609170 


2 3D 


8AAAC 




A 


MAR»MAR»MR 


INCREMENT ADRS 


71609180 


23E 


30237 




B 


LOOPW 




71609190 






* 


71609200 






* 








71609210 


23F 


33AE1 


TESTW 


B 


VGL»END 


BAD STATUS ABORT 


71609220 


240 


34237 




B 


CfLOOPW 


LOOP ON BUSY 


71609230 






* 


71609240 






* 








71609250 


241 


00C4C 


RB 


L 


ARtMRO 




71609260 


242 


0C66C 




S 

B 


MR1»MR1 
CtFINIS 


START MINUS END 


71609270 


243 


342E0 




71609280 


244 


02C0X 




LI 


ARtl 




7160929_0_ 


245 


80A4C 




L 


MARiMROfMR 




71609300 






* 


L 


FLRtIO«STAT 




71609310 


~24~6~~ 


~00F8a 


LOOPR 


71609320 


247 


3JA4E. 
00983 





B 
L 


CVGL»TESTR 
MDR»IO,CS 


— -— --- 


71609330 


248 


71609340 


249 


00987 
4C66C 


LOOPR1 


L 
S 


MDR,IOfDR+CS 
MR1»MR1»NW 


INPUT DATA 


71609350 


24A 


DECREMENT COUNT 


71609360 


. 2<tfi 


342EQ 
8AAAC 




A 


CfFINIS 
MAR,MAR«MR 


DONE 


71609370 


24C 


INCREMENT ADRS 


71609380 


24cl 


30246 


* 


B 


.._... LPOPR 




71609390 






71609400 






* 








71609410 
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2HL 33AE1 
24F 34246 



TESTR 



VGL,END 
CiLOOPR 



250 


012CC 


251 


02E02 


252 


0890E 


253 


064CC 


254 


31256 


255 


0C4CC 


256 


06D0O 


257 


31259 


258 


OCCCC 


259 


074CC 


25A 


0260F 


25H 


01300 


25C 


ooc4o 


250 


0150D 


25E 


34260 


25F 


02C01 


260 


0C660 


261 


3125B 


262 


0130D 


263 


OOCCO 


264 


01100 


265 


06880 


266 


3126C 


267 


OOOOC 


268 


0D4C4 


269 


OOCCO 


26A 


OODOO 


26B 


ODOCC 


26C 


COEOC 



260 
26E 



0B104 
3025F 



* 

* MULTIPLY HALFWORD 

MH 



MHl 



MH2 



MHL 



MHL1 



ENDMPY 
* 
"ONE 

* 

* 



L 

LI 

X 



H 

S 



B 

S 



LI 

L 

L 

L 

B 

LI 

S 



YDP1.NULL 

KLR,2 

MDR,YD»NF 

MRO,NULL 

GtMHl 

MROtNULL 

AR,YO,NA 

G»MH2 

AR,NULL 

YDM1,NULL 

MR 1,15 

YDP1,YD,SR 

AR*MRO,NC 

YDMl,YD,SR 

CONE 

ARtl 

MR1*MR1,NC 

G,MHL 

YDP1,YD,SR 

AR»NULL,NC 

YD»YD»SR 

MDR,MDR»NA 

GfENDMPY 

AR,YD 

YDM1,NULL,C0 

AR,NULL,NC 

AR»YD»NC 

YD, 'NULL 

FLR»PSW»IR 

YD, YD, CO 

MHL1 



26F 010CC 

270 064CC 

271 0260F 

272 02801 

273 3025B 



* UNSIGNED MULTIPLY 

_* _ 
MHU 



L 



LI 

LI 

8 



YD, NULL 
MR 0, NULL 
MR1,15 
M0R,1 
MHL 



.DIVIDE HALFWORD 



274 890E 

275 00B06 



* 



BALi STATUS ABORT 
LOOP ON SUSY 



CLEAR HI PRODUCT 

RESULT SIGN 
MULTIPLIER 

2»S COMP IF NEGATIVE 
MULTIPLICAND 

2»S COMP 

COUNT 

SHIFT YD,YDP1 

RIGHT 1 PLACE 



DECREMENT COUNT 



COUNT 
COMMON LOOP 



X flDR,YD,NF 

L MAR,YD,SL+CO 

L MDR,MDR,SL 



MDR. BIT 0.. =„RE_SJJLJL, S_IGN 
MDR BIT If ^DIVIDEND SIGN 



71609*20 
71609*30 
71609*10 
71609*50 
71609*fc0 
71609*70 
71609*80 
71609990 
71609S00 
71609610 
7160952U 
71609530 
71609540 
71609550 
71609560 
71609570 
716095A0 
71609590 
71609600 
71609610 
71609620 
71609650 
71609640 
71609650 
71609660 
71609670 
71609680 
71609690 
71609700 
71609710 
71609720 
71609750 
71609710. 
7160975C 
71609760 
71609770 
71609730 
71609790 
71609§00 
71609110 
71609120 
71609150 
71609140 
71609150 
71609160 
71609170 
71609|8JD 
71609190 
71609900 
71609110 
7JL609f20 
71609930 
716091 40_ 
71609950 

71fe09_»60_ 

71609970 

716Q918JL 



If.jTf KUAT/-' SCULL 7/ 
f i l"'f>£8t L 





."•' ' ' 


0b/,cn 




3rA7!' 


.-• " . 


3127C 




^u2A9 


i:: ?«.. 


UCACC 


, : '7i.> 


CoS2D 


2 7f-" 


n o c 6 t. 


■? 7 R 


7 C 


?3ii 


SlkH^ 


2 ': 1 


OOCfeC 


2 S 2 


0C6CC 


2*3 


Q0C40 


, : 1t 


nc+cc 


2 =!5 


02CQ3 


,- : n 6 


0488C 


2^7 


8C8C 


■■ 9 8 


0281** 


; a 9 


0688C 


• ; "iA 


02C04 


■:-^b 


nc8a<+ 


'■' <*c 


34294 


; *»o 


OOCAC 


:■<*£ 


CI A^M-C 


r 3F 


34291 


'• 10 


0C44C 


• n 


0066E 


32 


0044E 


;-^3 


3028A 


:l«+ 


00445 


i: »5 


342A9 


• ; »6 


0666D 


:^ ; 37 


3UAA4 


;>9fi 


00E8C 


299 


30A9D 


29 A 


OOCfeC 


<9B 


0C6CC 


:' 9C 


0E8C 


290 


312A0 


^:?E 


ooc+c 


29F 


0C4CC 


i.'A0 


0146C 


; ! :A1 


0104C 


;?A2 


QQA2C 


?A3 


COEOC 


; A4 


00E8C 


A 5 


30AA9 


• Afe 


OOCfeC 


A 7 


0C6CC 



CC'SGR 



DHL 



6 OF. 



OTST 



DH3 
DH4 



DH5 
DHX 

STE.ST 



S 
L 
S 

LI 

N 
X 

LI 




LI 

S 
8 
L 
A 



'■■■ f C !?'■)- C J F 5 - o i > t: f U» 1 A .1. 
r *]fiK i MGk * Sl 
SAP , -\JLLL 

i. » ok ul ; 
s . comsdp 

f'F .'<ULT 

'■:/>'' , hull. 
■■•■MJ , YT4 1 *«J/. 
A R « M R 1 
MR1, Yl 

s » on 2 

AP , MR1 
MR1 , NULL 
/" R *MkO *NC 
FRO, NULL 

MUR,MDR 
/.R.MDR 
NOR , »4<+ » 
MUk , MDR 



Ak » 4 

MORiMPR ,CU 
C .UTST 
AR ,MAK 
"iRCJ , MRO 
COOLS 
."■■'•RO,MRO 
MR1 ,MR1 ,SL 
MRU ♦ MHO «SL 
UNL 



L 



"AGE 21; 

i r j -T = Kt. sdl r s ign 



MRU* MHO iSR+CO 

C«OF AIJLT 

HR1*MR1»NA 

L *STEST 

f LR*MDR 

L «DH<* 

AR.MR1 

MR 1» NULL 

FLR»MDR 

6«UH5 

ARtMRO 

MR 0* MULL 

YDMltMRl 

YO.MRO 

MAR, LOG 

FLR«PSW» Ik 

f LR»MDR 
LtUFAULT 
AR»MR1 
MRltNULL 



•:l\ i -I IV 

IS ;.t umI 1VE 

IS ROSITIVf' 



i.UMF OlVJSOM 



01', IDTNL IS I'OSlTIVt 

»:•-, CL"!H 
LIV iOEnCJ 



MASK SIGIvi nirs 
f- L I h' 
C Gri ■ T 

F A C r\ 



[.T.t.RLr.O\JT COUNT 



i'jI- 

Rf. SI OFL 

Shlf T I rj QUOTIfc riT 

SHIFT KL^ttlfiSLR 



ADJUST REMAINDER 

Tt ST QUOTIENT SIGM 
SFf Allv/E 

OIJfiTIffviT OK 

/•S COMR QUOTIEM 

l'L»' AlLLifR SIGN 

should equal 

L'IVIDFiSD SIGN 
.-TORE QUOTIENT 
STORE REMAINDER 



2'S COMP QUOTIEFT 



718 9990 

1 1 6 1 C 

716.10010 

71610020 

71610 30 

71610 040 

71610050 

71bl0060 

71610 07b 

7161 08 

71blOC'9i'.l 

7 1 1, 1 1 f; 

71610111! 

7161012U 

7 1 6 1 1 3 (j 

7161ul40 

71610150 

716.1 u 16 ii 

71G1G17H 

716 10180 

7 161 019 u 

71610^00 

71610210 

71610220 

7161 0230 

7161024 

71610250 

71610260 

71610270 

71610280 

71610290 

71610300 

71610 310 

7161032P 

7161C330 

71610340 

71610350 

71610360 

71610370 

71610380 

71610390 

7161G400 

71610410 

71610420 

71610430 

71610440 

71610450 

71610460 

71610470 

71610480 

71610490 

71610500 

71610510 

71610520 

71610530 

71610540 

7161 Q55Q 
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zt\b 


30A9C 


2A9 


0040F 


2AA 


02A48 


2AB 


OOF. 41 


2AC 


341C1 


2AD 


302A2 



2AE 


0C686 


2AF 


342B9 


2B0 


446 


2B1 


0066D 


2B2 


2110D 


20 3 


0C886 


2B4 


342B9 


2B5 


ooc**6 


2B6 


00660 


2B7 


0110D 


2R6 


22C01 


209 


0446 


2BA 


0066D 


2BB 


0110D 


2RC 


302C5 


2BD 


0C886 


2BE 


342C2 


2BF 


00445 


2C0 


0110E 


2C1 


2066E 



2C2 

2C3_ 

2C4 

2C5 

2C6 

2C7 



00445 
0110E 



0066E 
07501 



0E228 
C7061 



* 
* 
DFAULT 



* 
* 
* 
* EXTE.I 

SRL 



L 

Li 

L 

B 
B 



SRA 



2C8 0C886 

2C9 342CC 

2CA 0110E 

2CB 2044E 

J2S& 075QD„ 

2C0 00C66 

2CE 00CC9 

2CF 00446 

20 Q QM4J_ 



* 
SkLX 



* 
* 
SLL 



* 
SLLX 



SLL XI 



* 
* 
SLAL 



Si. AX 



L»0H3 

HR0»PSW«CS 

MAR»DFPSW 

FLRtMROiSR+NC 

C»GENSWP 
OHX 



•JDED SHIFTS AND ROTATES 

S MOKtr i iOR«NF + CO 

B CtSRLX 

I MRO»MRO»SL+CO 

L MRl»HKltSR 

L YD»YDtSR+02 



S f,DR*MDRiNF+CO 

f-i C.SRLX 

L AR.MRO»SL+CO 

L MRltMRl.SR 

L YO,YO»SR 

LI AR.1.D2 

L MRO^MRO.SL+CO 

L FIRlfMRliSR 

L YD,YDtSR 

B SLLX1 



S MDR.FiDR.Nf+CO 

B CtSLLX 

L MR0»MR0»SR+CO 

L YO.YU.SL 

L MRl*Wkl*SL+02 

L MR0tMR0«SK+CO 

L YDiYDtSL 

L MRl»MRltSL 

YDPU »YD»NA+NC 

C LOC»LOC«INC 

YD»*R1,NA+NC+IR 



S MDR«MDRiNF+CO 

B C«SLAX 

L Yn.YOtSL 

L MRQ»MR0»SL+D2 

YDMlfYD.NA 

L ARtMRl.SL+CO 

L AR»NULLtSR+CI 

L MRO.MROtSL+CO 

C MRO«MRO»SR+NC 



OK IF MINUS 



TEST F-SU0 3. 
OIVlDt FAULT SWAP 



DECREMENT CCUNT 



DO SHIFT 

LOOP THRU 0R0H2 



UO SHIFT 

LOOP THRU DROUP 

COMPENSATE PRE-SHIFr 
DECREMENT COUNT 



00 SHIFT 

LOOP THRU DR0M2 



COMPENSATE PRE-SHIFr 
SET CARRY 
SET FLAGS 



DECREMENT COUNT 

DO SHIFT 

LOOP THRU 0R0M2 



AR=SIGN BIT 
CARRY FROM BIT 1 



7161051 Q 
716105' 
71bl05f 
71blU5I 
71bl06£G 
7 161 061 
716106J a 
7161(!6f 
7161 Obii) 
716106? -0 
7161061 1 
7161 Obt 1 
7161 06fj 
7161 ObfO 
7161Q7CJ 
7161071 3 
7161071 Q 
7161 071 D 
71610710 
7161075 
71fol07i ) 
716107?., 
7161071 1 
716107t ) 
7161061 ) 
7161061 ) 
716108* l 
7161081 ) 
716106* i 
7161061 ) 
71bl08ft ) 
716108? 1 
716106i v 
7161089 ) 
71fel09i l 
7161091 > 

7161092 » 

7161093 s 
7161091 » 
7161095 i 
7161098 » 
7161091 
7161098 
7161091 
7161100 
7161101 
7161102 
7161103 
716110«f 
7161105 
716110S 
716110X 
716110* 
716ilO=* 
71611101! 
716111]|i 
716111S 
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2D1 


0E228 




c 


LOC, LOC* INC 


2D2 


C7040 


* 





YOtMRO.NC+IR 


2D3 


0C886 


* 
RRLL 


s 


MDR*MDR«NF+CO 


2D4 


.34208 




R 


C»RRLX 


2D5 


0050D 




L 


MPOtYOtSR 


2D6 


00660 




L 


MR1«MK1«SK 


207 


21100 




L 


Y0«YD*SR+D2 


2D 8 


07140 


RRLX 





YDtYDMl.NA 


2D9 


0E228 




C 


LQC,LOC«INC 


2DA 


C706D 


* 





YD»NR1*NA+IR 


2DB 


0C886 


* 
RLLL 


s 


MDR«MOR*NF+CO 


2DC 


342D8 




B 


C*RRLX 


2DD 


0046E 




L 


MROtMRlfSL 


2DE 


0110E 




L 


YD.YOtSL 


2DF 


2066E 




L 


MR1«MN1»SL+U2 


2E0 


02E~0T 


"finis 


LI 


FLR*0 


2E1 


C0A2C 


END 

* 


L 


MAR.LOOIR 


2E2 


oio be" 


* 
EPSR 


L 


YDtPSW 


2E3 


OOCCO 




L 
L 


AR«NULL.NC 


2E4 


001CC 


PSWtYS 


2E5 


_201P_0 


* 


L 


PSW.YS,NC + JAFH-D2 


2E6 


008AC 


* 
SVC 


L 
LI 


MDR.MAR 


2E7 


42A94 




MAR* *94» *MW 


2E8 


02A96 




LI 
LI 


MAR t * 96* 


2E9 


02C1E 


AR«»1E» 


2EA 


4080C 




L 
LI 


M0R«PSW«MW 


2EB 


02A98 


mar* ^a* 


2EC 


0844C 




X 
L 


MRO*MRO 


2E0 


4082C 




MDR«LOC*MW 


2EE 


02C9C 





LI 
LI 


AR*»9C* 


2EF 


82A9A 


WAR* f 9A» *MR 


2F0 


0AA40 




A 

L 


MAR*MRO»NC 


2F1 


80080 


PSW«MDR»NC+MR 


2F2 


C0280 


* 
* 
HSSVC 

* 


L 

L 
LI 


LOC*MDR«NC+IR 


2F3 


00590 


MR0«IO«ACK 


2F4 


02CD0 


IOSVC 


AR*SPTABL 


2F5 


0AC40 




A 


ARtHROtNC 


2F6 


8AA40 




A 


MAR»«RO«NC+MR 


2F7 


02C02 




LI 


AR.2 


2F8 


00A8C 




L 


MAR«MDR 


_ 2F9 ItflACUL _ 





L 


MDR«PSW.MW 



DECREMENT COUNT 

LS BIT TO CARRY 

UO ROTATE 

LOOP THRU 0R0M2 

SET G AND L 



DECREMENT COUNT 

MS BIT TO CARRY 

GO ROTATE 

LOOP THRU DR0M2 



DO NEXT INSTR 



EXCHANGE PSW 
NOP 

TO TEST1 



A+(X2) 
STORE IT 



STORE PSW 

UM-LOMPLEWENT COUNT 
STORE LOC 
MR0=2X YD FIELD 



NEW PSW 
NEW LOC 



ACKNOWLEDGE INTERRUPT 
2X DEVNO INDEXES TABLE 
FETCH ENTRY 



STORE OLD PSW 



71611130 
7161114(1 
71611150 
71611160 
71611170 
71611180 
71611190 
71611200 
71611210 
7161122C 
71611230 
7161124T 
7161125u 
71611260 
71611270 
71611280 
71611290 
71611300 
71611310 
71611320 
71611330 
71611340 
71611350 
71611360 
71611370 
71611381; 
71611390 
71611400 
71611410 
71611420 
71611430 
71611440 
71611450 
71611460 
71611470 
71611480 
71611490 
71611500 
71611510 
71611520 
71611530 
71611540 
71611550 
71611560 
71611570 
71611580 
71611590_ 
71611600 
71611610 
71611620 
71611630 
71611640 
71611650 
71611660 
71611670 
71611680 
_71611690__ 





INTFKD; 


VIA 


MOOETL 


7/16 


MICRO-CODF 05-048K01A13 


2FA 


OAAAO 






A 


MAN tMAK »MC 




2FB 


4082C 






L 


MDRtLOCtMW 


STORE OLD 


2FC 


8A2A0 






A 


LOC*MAR»NC+MR 




2FD 


0008C 






L 


PSrftMDR 


NtW STATUS 


2FL 


CL228 






C 


L0C»L0C.INC+IR 


NEW LOC 


2FF 








FfjO 







FA or 



LOC. 



7161i:-'0U 

7ihir in 

71foll 20 
71bll *iO 

7if>ii:^o 

71611- 5 n 



l?'T!>u-V 



7/Ti'. MCf'O-Cuuf 05-0<+6i<01A1.5 



AGL. 



2"«* 



'.UO 



ACh 


UO co 


AOh 


UllV 


-OKK^ 


o i r- : ij 


AM 


l> 2 7 


AH*, 


2 1 6 


A I 


r.i -* v 


6IK 


a o '< h 


Al 


7C 


ALCC 


on; b 


■■'.f'S'-' 


"f •'■■ '4 


■W,M 

■Mil .1 


<: i c c 


1 I J 1 ' .1 


r, i ;'. 


■ 11, I ' . . -■ 


1*1.' ' 

■ ' 1 '1 ■'■'. 


■■i,T\ ' 


'Jilt 


-"! T\ c 


(. 1 1 1 


-■ -- i J T t • 7 


U 3. 1 i • 


' « i ) \ P 


I r 


"iff L 


C I 2 b 


|>/lC ! ' 


0160 


MM. 


no .5 b 


'.'if- C 


0041 


MF'FU 


C A b 


MKwD 


OOAA 


BRANCH 


7 jii 


RTC 


003L 


i-tTFP 


At 


t.XH 


0033 


BXLF 


0036 


HXLH 


002A 


BXLHX 


0. ?c 


CH 


0020 


CLB 


0061 


CLII 


0023 


CLRWIT 


017D 


COMSOR 


027C 


CQNSEB.. 


. QJfaH. 


com 


01 Hfl 


CON TIN. 


0109 


DFAULT 


02A9 


DFPSW 


048 


OH 


0274 


DH2 


0285 


DH3 


029C 


DHH 


. Q£?U 


DH5 


02AQ 


DHL 


Q2BA 


DHX 


02A2 


HIE FUR 


0024 


iDISMEM 


01 AH 


DISPLY 


0156 


DOB 


0042 
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HOFRB 


00A6 




DTST 


029<+ 




EIVD 


02E1 




ENDLM1 


0145 




ENOMPY 


026C 




EPSR 


02E2 




EXBK 


0068 




FINIS 


02FC 




FN 


0177 




FRWD 


OOAB 




GENSWP 


01C1 




GOES 


0291 




HELP 


OOFC 




HSSVC 


02F3 




IDLE 


015F 




IDLE1 


0160 




IDLEX 


0163 




ILEG 


0006 




ILPSW 


0030 




INAL 


0086 




IOSVC 


02F4 




LB 


05C 




LBR 


OObA 




LCS 


IF 




LH 


001E 




LM 


00A1 




LMLP1 


0140 




LOCDIS 


0152 




LOOPR 


0246 




LOOPR1 


6 24 A 




LOOPW 


0237 




LPSW 


0106 




LPSW1 


01C5 




MH 


0250 




MH1 


0256 




MH2 " 


0259 




I1HL 


025B 




MHLi" 


025F 




MHU 


026F 




: WMF 


0131 




MODE 


0171 




NH 


001B 




NOB 


003F 




NOBRAN 


0035 




NOCCC 


ooia 




NODSPL 


01AF 




OC 


0079 




OH 


001C 




OIPSW 


0040 




OKDIV 


027D 




OPPSW 


0036 




ONE 


026D 




OUTDIS 


0191 




PATCH 


01D5 




._PNIB. 


0022 




POW 


01F7 





-E£U1.GC___ QJLaC 
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PWRDM 


01E0 


PWRDWN 


0102 


PWRUP 


0100 


PWRUP2 


0137 


PWRUP3 


014b 


PWRUPX 


0103 


QUEBL 


01EC 


RB 


0241 


wn 


006E 


RDR 


006C 


REGDIS 


019F 


REGLP 


01A6 


REGS 


01AA 


RH 


0212 


RH1 


0213 


RHH 


0216 


RHR 


020A 


RHR1 


0210 


RHRH 


020E 


RLLL 


02DB 


RLR 


00F3 


RLRX 


00F5 


RRIO 


00<i6 


RRLL 


02 03 


RRLX 


0208 


RS 


03 


RSX_ 


000b 


RWBR1 


0223 


RWBR2 


0227 


RWBRR 


021B 


RWBRX 


0228 


RWBXX 


022C 


RX 


OOOC 


RXIO 


004B 


RXX 


0010 


SCH 


0028 


SH 


0029 


SHORT 


0019 


SINT 


01F4 


SL 


OOEA 


SLAL 


02C8 


SLAX 


02CC 


SLH 


OOCB 


SLHA 


00C6 


SLHAL 


00D9 


SLHAX 


OODC 


SLHLL 


00D1 


SLHLX 


00D5 


SLHX 


OOCB 


SLL 


02BD 


SLLS 


OOCC 


SLLX 


02C2 


SLLX1 


02C5 



SLX OOEC 
_3PIABL QODO 

SR OOEO 
SRlL Q2B3 
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SRH 


0B1 


SRHA 


OOttE 


SRHL 


OOBA 


SRHLX 


00C2 


SRhX 


0B 1 * 


SRL 


2AE 


SRLS 


00R5 


SRLX 


02B9 


SRX 


0GE2 


SS 


0075 


SSR 


0072 


START 


00 


STb 


004D 


STB1 


0057 


STBR 


0051 


STBX 


0050 


STEST 


02AH 


STH 


0013 


SThl 


016 


STHX 


0015 


STM 


0090 


STMLM 


0090 


STMLMX 


0099 


STMLP1 


01E7 


SVC 


02E6 


TEST 


01BA 


TESTO 


01BE 


TEST1 


01C8 


TEST2 


01CA 


TESTR 


02*fE 


TESTW 


023F 


THI 


0200 


WAIT 


01CD 


WAIT1 


die? 


WR 


0232 


WD 


0069 


WH 


0208 


WH1 


0201 


WHH 


020C 


WHR 


0200 


WHR1 


0205 


WHRH 


020H 


XH 


001D 







IPTf: ROATA ^OPPP //lb UKOH w /u i'-':PY«DlV OP- 049F I A 1 5 
OPT PASS1 

* COPYRIGHT IPFLRPATA IDC. NOVL^PLR 19/3 
■■* 

* IK A OAPPt K I 
* 
************************ 

* LUWitfMI FltLU SPOwS Up-cOpt AMD fHhtfUPiC AND 

* SYflPOL.i.C HOh tiglKY POINT I l\l PARC, T Htb 1 5 
* 

+ LOCATIONS THRU 7F comprise prop 1 



i agf: 



OUU 


A n 


0U1 


43P 


02 


43C 


0U3 


004m 


0O4 


41 p 


0U5 


00423 


00b 


4 1 C 


0U7 


041fi 


ooa 


41P 


09 


00420 


OOA 


00427 


OOP 


00429 


OUC 


U 4 8 


OUU 


r> 4 fl 


OOL 


00426 


OUF 


00428 


010 


004AE 


Oil 


004AE. 


012 


004A5 


liS 


004A5 


01*+ 


00419 


01b 


419 


016 


00419 


017 


00419 


oia 


00408 


019 


4 8 


OIA 


4 8 


01B 


00408 


01C 


4 8 


OIL) 


4 8 


OIL 


00408 


OIF 


4 8 



DC 


» 4 R * 


UL 


»43U' 


DC 


» l t3L » 


IJL 


'441' 


DC. 


»41h* 


PL 


' 4 2 3 • 


PC 


"UC 


PL 


» 4 1 U » 


PL 


411 ' 


DC 


420' 


PC 


'427' 


PC 


429' 


PC 


' 4 ' j b » 


PC 


4 8 ' 


UC 


42b » 


PC 


426' 


PC 


4 Ah • 


UC ' 


4AL' 


UC ' 


4 A b • 


PC 


4Ab' 


PC » 


419' 


UL « 


419' 


UC « 


419' 


UC ' 


419' 


PC ' 


40H» 


UC « 


4 8' 


PC ' 


4U(i' 


UC « 


4 U li ' 


PC ' 


4 08' 


PC « 


4 08' 


PC ' 


4 8' 


PL ' 


4 6' 



00 




( ILf'G ) 





PACK 


(!■ H ) 


02 


bTCk 


(l'TC. ) 


3 


OFCR 


(RFC ) 


4 


!.jHR 


( i\i ; i ) 


ub 


CL PR 


(CLP) 


6 


UPR 


(OP) 


07 


APR 


( XP ) 


u8 


LHR 


(LP) 


9 


CHR 


(CP) 


OA 


AP|; 


( A H ) 


OP 


bPR 


(SH) 


UC 






Uii 






OL 


/'.C.PR 


(ALP) 


OF 


SCPR 


(SCP) 


2 


oTBS 


(PTF R ) 


21 


PTFS 


(HTFR ) 


22 


nFPS 


( OFT R ) 


2 3 


ul'PS 


(PFFR ) 


2 4 


LIS 


(SPURT ) 


2b 


LPS 


(SPORT ) 


2 6 


n I S 


(SPORT ) 


27 


o 1 S 


( SPORT ) 


2 8 




( 1 L \ o ) 


29 




( ILLb) 


2 A 




( 1 1 t G ) 


2P 




( 1LLL) 


2C 




( iLLC) 


2P 




( ilu; ) 


2( 




( I L f CO 


2 F 




( I L i G ) 



PR,* 050 


i!R.hna : )<*u 


PRi'iOi IbG 


[J R f ! I J 6 


OR^iOi J7 


JKhO|i)8i) 


DR!M)t )9U 


DRi^iOi IU0 


, > R ■'-" i L 1 U 


PRPOtl 12 


I ! R lV ) g L 3 


uRi'lOe i.4D 


PKf-ioi ibo 


i RP0I16U 


i-RrtOO 170 


i;Ri v '0i tpo 


,jKiH(i y J. 9 


HK.-i(te J .0D 


t ! R '',()§ -11 !j 


i.RhOB J 2u 


PRI-.0B230 


OR no® J 4 U 


! I R h UB^.j 


PRKOS :feu 


PRI u i0i-'7u 


ijRPOfi >f*U 


UKCiOl J 9u 


! ! R n 015 


P R M § 5 1 


PRfiOl 520 


URPOI 530 


uRI^Oi 540 


PKhOg 5b 


PRfiOi 56 


PRMOl 570 


URMOI ^80 


PRPOg 590 


iJRi u i(i§ »00 


PRfioa 4i o 


PRM0I42U 


URCIOI I3U 


PRM0§440 


PRfiOi f50 


PRKUi iSO 


PRi l 10i I7U 
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020 


00013 


021 


00003 


022 


00003 


023 


00003 


024 


OOOOC 


02b 


OOOOC 


026 


OOOOC 


027 


OOOOC 


028 


OOOOC 


029 


OOOOC 


02A 


OOOOC 


020 


OOOOC 


02C 


Q0408 


02D 


00408 


2E 


OOOOC 


02F 


OOOOC 


030 


00408 


031 


0004D 


32 


00408 


065 


00408 


034 


00408 


035 


00408 


036 


00408 


037 


00408 


048 


00408 


039 


00408 


03A 


00408 


03B 


00408 


03C 


00408 


03D 


00408 


03L 


00408 


03F 


00408 



UC ' 


013' 


UC ' 


003' 


DC 


003' 


DC « 


003* 


UL 


ooc 


UC 


ooc 


UC < 


'OOC 


DC 


ooc 


UC 


ooc 


UC 


•ooc 


UC 


•ooc 


UC 


'OOC 


DC 


» 4 8 » 


DC 


•408' 


UC 


'OOC 


UC 


'00C 


DC 


'408' 


DC 


»04D» 


DC 


'408* 


UC 


'408* 


DC 


'408' 


DC 


•408' 


DC 


'408* 


UC 


'408' 


UC 


'408' 


UC 


'408' 


DC 


'408' 


DC 


•408' 


DC 


•408' 


DC 


•408' 


UC 


•408' 


DC 


»408» 



40 


STK 


(STH) 


41 


bAL 


(KS) 


42 


bTC 


(RS) 


43 


UFC 


(RS) 


44 


[\iH 


(RX) 


45 


CLH 


(RX) 


46 


UH 


(RX) 


47 


XH 


(RX) 


4 8 


U\ 


(RX) 


49 


LH 


(RX) 


4A 


AH 


(RX) 


4B 


SH 


(RX) 


4C 






4D 






4L 


ACH 


(RX) 


4F 


SCH 


(RX) 


60 




UUG) 


61 


AKI"! 


(STB) 


62 




( I LEG) 


63 




(ILLG) 


64 




(ILEG) 


65 




(ILLG) 


66 




( ILLG) 


67 




(ILLG) 


68 




(ILLG) 


69 




(ILLG) 


6A 




(ILLG) 


6B 




(ILLG) 


6C 




( ILLG) 


« 6D 




(ILLG) 


6L 




( ILLG) 


6F 




(ILLG) 



URI U 100490 
URM00500 
URM00510 
DRM00520 

drmoosso 

URM00540 
URM0055U 
DRM00560 
DRM00570 
OKM00580 
DRM0059G 
URM00600 
DRFi00610 
UKM00620 
DRM0063U 
DRM00640 
ORM 0650 
DRM00660 
DRW00670 
IJRM00680 
DRI V 100690 
DRM00700 
DRM00710 
DRM00720 
DRM00730 
URM00740 
DRM00750 
DRM00760 
DRM00770 
DRM00780 
URM00790 
URMOOSQO 
DRM00810 
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040 


004B5 


om 


004CC 


042 


00451 


043 


0045A 


044 


00468 


045 


006E2 


046 


0061B 


047 


06 IB 


048 


00446 


049 


00446 


04A 


00446 


04B 


00446 


04C 


00408 


04D 


00446 


04E 


00446 


04F 


00444 


050 


00490 


051 


00490 


052 


0004D 


053 


0004D 


054 


0004D 


055 


00003 


056 


00228 


057 


00228 


058 


0004B 


059 


0004B 


05A 


0004B 


05B 


0004B 


05C 


00408 


05D 


0004B 


05E 


0004B 


05F 


00049 



DC 


'4B5' 


DC 


•4CC 


DC 


451' 


DC 


'45A* 


DC 


468' 


DC 


6E2' 


DC 


'61B f 


DC 


6 IB' 


DC 


446' 


DC < 


•446' 


DC 


'446' 


DC 


'446' 


DC 


'408' 


DC 


'446' 


DC 


'446' 


DC 


'444' 


DC 


'490' 


DC 


'49o» 


DC 


»04D' 


DC 


04D' 


DC 


04D» 


DC 


'003' 


DC 


'228' 


DC 


228' 


DC 


04u» 


DC 


'04B' 


DC 


'04B' 


DC 


'04B' 


DC 


408' 


DC 


'04B' 


DC 


04B» 


DC 


'*049» 



90 


SRLS 


(SRLS) 


91 


SLLS 


(SLLS) 


92 


STBR 


(STBR) 


93 


LBR 


(LBR) 


94 


LXBR 


(LXBR.) 


95 


LPSR 


(LPSR) 


96 


WBK 


(KWBRR) 


97 


RBR 


(KWHRK) 


98 


irtHK 


(KRIO) 


99 


RHR 


(KRIO) 


9A 


UiDK 


(KRIO) 


9B 


KDK 


(KRIO) 


9C 






9D 


SSR 


(KRIO) 


9E 


OCR 


(KRIO) 


9F 


AIR 


(A IK) 


UO 


STM 


(STNLM) 


01 


LP 


(STMLM) 


U2 


STB 


(STH) 


U3 


LB 


(S7t3) 


D4 


CLB 


(STB) 


D5 


AL 


(RS) 


D6 


WB 


(RWBRX) 


D7 


RB 


(RWBRX) 


D8 


Ml 


(RXIO) 


09 


RH 


( K X I ) 


DA 


WD 


(RXIO) 


DB 


RD 


(RXIO) 


DC 






DD 


SS 


(RXIO) 


BE 


DC 


(RXIO) 


OF 


AI 


(AI ) 



URriOO§50 


DRI u !OOf40 


DRMOOItO 


DRPIOOi ^0 


ORMOOffQ 


DRMOOl^O 


DRFlOOi JO 


URMOOf )0 


DRMOOf 10 


llRMOOf ^0 


DRMOOf SO 


DRMOOf +0 


DRMOOf JO 


DRNOOf ^>0 


DRMOOf 70 


DRMOOf ^0 


ORMOOHQ 


DRMOlf i)Q 


DRMOieiO 


DRMOlf JQ 


DRMOlf SO 


DRM01©+0 


DRM01§tO 


DRMOli^O 


DRMOis ro 


DRMOliHO 


DRMOlfHO 


DRMOllJO 


URM0111U 


ORMOli^O 


DRM01150 


URM01I4U 


DRMOIIdO 
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060 


0002A 


061 


0002A 


062 


00003 


063 


00003 


064 


00003 


065 


00003 


066 


00003 


067 


00003 


068 


00003 


069 


00003 


06A 


00003 


06B 


00003 


06C 


000P1 


06U 


000C8 


06E 


OOOBl 


06F 


000C6 


070 


00408 


071 


00490 


072 


00003 


073 


00408 


074 


00408 


075 


00408 


076 


00408 


077 


00408 


076 


00408 


079 


00408 


07A 


000F3 


07B 


000F3 


07C 


OOOEO 


07D 


OOOEA 


07E 


OOOEO 


07F 


000F3 



DC 


• 02A» 


DC 


•02A ' 


DC 


• 5 ' 


DC 


'003' 


DC 


•003' 


DC 


»003» 


DC 


'003' 


DC 


'003' 


UC 


'003' 


DC 


•003' 


DC 


•003* 


DC 


•003* 


DC. 


•OBI' 


DC 


•OCfl* 


DC 


'OBI' 


DC 


»0C6» 


DC 


•406' 


DC 


♦490' 


DC 


'003' 


DC 


•408' 


DC 


'408' 


DC 


'408' 


DC 


•408' 


DC- 


'408' 


DC 


•408* 


DC 


•408' 


DC 


»0F3» 


DC 


•0F3» 


DC 


•0E0' 


DC 


•OEA' 


DC 


»0E0» 


DC 


'OF 3' 



CO 


UXH 


(HXLH) 


CI 


BXLE. 


(BXLH) 


c? 


LRSW 


(KS) 


C3 


THI 


(RS) 


CI 


IMHI 


(RS) 


C5 


CLHI 


(RS) 


C6 


OH I 


(Rsr 


C7 


XIII 


(RS) 


CIS 


LH 


(KS) 


C9 


CHI 


(RS) 


CA 


AHI 


(RS) 


CB 


SHI 


(RS) 


cc 


SRHL 


(SRH) 


CD 


SLHL 


(SLli) 


CL 


SRHS 


(SRH) 


CF 


SLHA 


(SLHA) 


to 




(ILEG) 


El 


SVC 


(STNLM) 


E2 


S I N T 


(RS) 


C3 




( ILEb) 


E4 




(ILEG) 


E5 




(ILEG) 


E6 




(ILEG) 


L7 




(ILEG) 


E8 




(ILEG) 


E9 




(ILEG) 


EA 


RRL 


(RLR) 


ER 


RLL 


(RLR) 


EC 


SRL 


(SR) 


ED 


SLL 


(SL) 


EF 


SRA 


(SR) 


EF 


SLA 


(RLR) 



URM0117U 

DRM01180 

DRM0119C) 

DRH01200 

DRM 01210 

DRM01220 

DRM01230 

ORM01240 

DRM 01250 

URM01260 

DRM01270 

DRP101280 

DRN01290 

DRM01300 

DRM0131G 

DRri01320 

DRN01330 

DRM01340 

DRM01350 

DRM01360 

DRM01370 

DRM01380 

DRM01390 

DRM01400 

DRM01410 

DRM01420 

DRR01430 
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DRM01450 
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DRM01470 

DRI V I0148U 

DRPI01490 
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6 THR 


080 


00000 


UC 





081 


00000 


DC 





082 


00000 


UC 





083 


00000 


DC 





084 


00000 


UC 





085 


00000 


UC 





08b 


00000 


UC 





087 


ooooo 


DC 


n 


088 


00000 


DC 





089 


ooooo 


UC 





08A 


ooooo 


UC 





08b 


ooooo 


UC 





08C 


ooooo 


UC 





08D 


ooooo 


DC 





08E 


ooooo 


DC 





08F 


ooooo 


UC 


n 


090 


OOOAA 


UC 


*0AA» 


091 


OOOAB 


DC 


♦OAB» 


092 


OOOAA 


DC 


*OAA* 


093 


OOOAB 


UC 


•OAB» 


09H 


0001E 


UC 


•01E» 


095 


0001F 


DC 


»01F» 


096 


00027 


UC 


•027» 


097 


00029 


UC 


»029» 


098 


OOOOO 


UC 





099 


OOOOO 


UC 





09A 


OOOOO 


UC 





09B 


ooooo 


DC 


0.. 


09C 


ooooo 


DC 





09U 


ooooo 


UC 





09E 


ooooo 


UC 





09F 


ooooo 


DC 






60 THRU FF COMPRISE DKOM 2 



00 






01 


BALR 




02 


UTCK 




03 


BFCR 




OH 


i\lHR 




Ob 


CLHR 




06 


UHK 




07 


XIIR 




08 


LHR 




09 


CHK 




OA 


AHR 




OB 


SHR 




OC 






OD 






OE 


ACHR 




OF 


SCHR 




2 


BTBS 


CBKWD) 


21 


BTFS 


(J-RWD) 


22 


BFBS 


(BKWD) 


23 


bFFS 


(FRWD) 


2H 


LIS 


(LH) 


25 


LCS 


(LCS) 


26 


AIS 


(AH) 


27 


SIS 


(SH) 


28 






29 






2A 






2B 






2C 






2D 






2£ 






2F 







URMO 
URMO 
URMO 
URMO 
URMO 
DRMO 
DRMO 
DRMO 
UHMO 
DRMO 
URMO 
URMO 
URMO 
URMO 
URMO 
URMO 
URMO 
URMO 
URMO 
URMO 
URMO 
URMO 
DRMO 
URMO 
URMO 
DRMO 
DRMO 
DRMO 
URMO 
URMO 
DRMO 
DRMO 
DRMO 
DRMO 
URMO 
DRMO 



15 

15; 

15. 
15' 
15* 
1 5* 
15"Q 
151-0 
15*0 
lb* 
16J 

161 

1 62 
16i 
16! 
164 
167 
161 
16 c 
1 7 £ 
171 

171 U 

172 
17H0 
17E0 

176 

177 
171*0 
17S0 
18C0 
1810 
18?0 
1830 
18%Q 

185 

186 
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OAO 


00016 


OA1 


0003B 


0A2 


0003E 


0A3 


ooom 


0A4 


0001B 


OA5 


00023 


0A6 


0001C 


OA7 


0001D 


0A8 


0001E 


OA9 


00020 


OAA 


00027 


OAB 


00029 


OAC 


00000 


OAD 


00000 


OAE 


00026 


OAF 


00028 


OBD 


00000 


OBI 


00218 


0B2 


00000 


OB3 


00 00 


0B4 


00000 


0B5 


ooooo 


OB6 


00000 


0B7 


ooooo 


0B8 


oooco 


OB9 


ooooo 


OBA 


ooooo 


OBB 


ooooo 


OBC 


ooooo 


OBD 


ooooo 


OBE 


ooooo 


OBF 


ooooo 



DC 


•016' 


DC 


•03B' 


DC 


»03E» 


DC 


'041' 


DC 


»01B» 


DC 


•023' 


DC 


'01C 


DC 


•01D» 


DC 


»01E» 


DC 


•020' 


DC 


'027* 


DC 


'029' 


DC 





DC 





DC 


•026' 


DC 


•028' 


DC 





DC 


•218' 


DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 


n ■ 


DC 





DC 


0' 



40 


STH 


(STH1) 


41 


bAL 


(BAL ) 


42 


bTC 


(HTC) 


43 


BFC 


(BFC) 


44 


Nil 


(NH) 


4b 


CLU 


(CLH) 


46 


OH 


(OH) 


47 


XH 


(XH) 


48 


LH 


(LH) 


<+9 


CH 


(CH) 


4A 


AH 


(AH) 


4B 


SH 


(SH) 


4C 






4D 






4E 


ACH 


(ACH) 


4F 


SCH 


(SCH) 


60 






61 


AHfi 


(AHM) 


62 






63 






64 






65 






66 






67 






fo8 






69 






6A 






6B 






6C 






6D 






6E 






feF 







DRMQ1860 

uRnoiaso 

QKI"I01900 
DRM01910 
DRM01920 
UKK01930 
UKn01940 
DRM01950 
DRPI01960 
DRM01970 
DRM01980 

DRM01990 

ORPI02000 
ORM02010 
ORMU2020 
DRM02030 
DRM02040 
DRM02050 
DRM02060 
DRM02070 
DRM02080 
DRM02090 
DRM02100 
DRM02110 
DRM02120 
DRM02130 
URM02140 
DRM02150 
DRM0.216Q 
DRM02170 
DR( U 102180 
URMU2190 
DHM02200 
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oco 


OOOBA 


OCl 


000D1 


0C2 


00018 


0C3 


00018 


OCf 


00018 


0C5 


001C8 


0C6 


00232 


0C7 


002m 


0C8 


OOAOO 


0C9 


OOAOA 


OCA 


00069 


OCB 


0006C 


OCC 


00000 


OCD 


00072 


OCE 


00079 


OCF 


00072 


ODO 


0009D 


OD1 


000A1 


OD2 


00057 


0D3 


0005C 


OfMf 


00061 


0D5 


0007C 


OD6 


00232 


007 


00241 


0D8 


00A08 


009 


00A12 


ODA 


00069 


ODB 


0006E 


ODC 


00000 


ODD 


00075 


ODE 


00079 


ODF 


00075 



DC 


•OBA f 


UC 


'QD1' 


DC 


♦018* 


DC 


•018» 


DC 


»018» 


DC 


»1C8» 


DC 


•232* 


DC 


^m* 


DC 


*A00» 


DC 


»AOA* 


DC 


•069* 


DC 


♦06C» 


DC 




DC 


»072» 


DC 


•079* 


DC 


f 072 f 


DC 


»Q9D' 


DC 


•0A1* 


DC 


•057* 


DC 


•Q5C» 


DC 


•061» 


DC 


•07C' 


DC 


•232' 


DC 


»2*H» 


DC 


•A08* 


DC 


f Al2» 


DC 


♦ 069 » 


DC 


»06E» 


DC 


. 


DC 


*075» 


DC 


V079* 


DC 


»075» 



90 


SRLS 


(SRHL) 


91 


SLLS 


(SLHLL) 


92 


ST BR 


(NOCCC) 


93 


LBR 


(NOCCC) 


97 


EXBR 


(NOCCC) 


95 


EPSR 


(TEST1) 


96 


WBR 


(WB) 


97 


RBR 


(RB) 


98 


WHR 


(WHR)OR(WHRH) 


99 


RHR 


(RHR)OR(RHRH) 


9A 


WDR 


(WD) 


9B 


RDR 


(RDR) 


9C 






9D 


SSR 


( SSR ) 


9E 


OCR 


(OC) 


9F 


AIR 


(SSR) 


DO 


STM 


(STi"l) 


01 


LM 


(LM) 


,02 


STB 


(STB1) 


03 


LB 


(LB) 


D*4 


CLB 


(CLB) 


05 


AL 


(AL) 


D6 


WB 


(WB) 


D7 


RB 


(RB) 


08 


WH 


(WH)OR(WHH) 


09 


RH 


(RH)OR(RHH) 


DA 


WD 


(WD) 


DB 


RD 


(RD) 


DC 






DD 


SS 


(SS) 


OE 


oc 


(OC) 



OF A I 



(SS) 



ORM022J0 
DRI"I022?0 
DRFI022*- U 
DRM022f 
DRM022* U 
ORM0221 
DRn022£0 
OR M 0225 
DRM023I 
DRM0233 
DRM023S 
DRM023?0 
DRM023#I0 
DRM023* 
ORR023I0 
ORM02310 
DRM023I 
DRM02350 
DRM024C0 
DRM02410 
DRM02HS0 
ORM02«+?0 
DRM02fllQ 
DRM02HE0 
DRM024I0 
DRM02H10 
DRM024I0 
DRM02H?Q 
DRM025C0 
DRM02510 

DRwoasgo 

DRM0253Q 
DRM025«§D 
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006, 
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08 
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00420 


OOA 


00427 


nut', 
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ouc 


00650 


oon 
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00426 


oof 


00428 


010 


04 At 


nil 


004AL 


012 


4 A 5 


015 


4 A 5 


Oil 


0419 


01b 


00419 


016 


419 


017 


00419 


018 
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019 
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00408 


01B 


4 8 


01C 


00408 


01U 
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01E 
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>A6F 



DC 


'408' 


DC 


»4,5b' 


DC 


•4 5L' 


DC 


'441' 


UC 


"tlh» 


DC 


•423' 


uc 


»41C 


DL 


»41U' 


DC 


»41L» 


UC 


»420» 


UC 


'427' 


UC 


'429' 


UC 


'6b0' 


DC 


•fo74 • 


UC 


'426' 


UC 


'428' 


UC 


4AL» 


UC 


4AL ' 


DC 


4Ab« 


UC 


"4Ab» 


UC < 


419' 


UC ' 


4 19' 


UC « 


419* 


UC ' 


419' 


DC ' 


408' 


UC « 


4 08' 


UC « 


4 8' 


UC « 


4U8' 


UC » 


408' 


DC ' 


4 08' 


DC » 


406' 


DL • 


406' 



00 

u 

2 u 

3 1.5 

4 iv. 

Ob C 

06 U 

07 X 



06 
09 



2 
21 
22 
si 
24 

26 
27 

2 8 
2 9 
2A 
2D 
2C 
20 
2F 



A A 

OB S 

UC i"i 

D Li 

1" A 

OF S 



ALK 

TCK 

FCR 

Ht< 

LHR 

HK 

I iK 

HR 

HK 

hh 

MR 

HR 

\\U 

CMK 

CHK 



bTBS 

RTFS 

OFbS 

bFFS 

LIS 

L.CS 

A IS 

SIS 



1LE 0) 

HAL) 

HTC ) 

HFC) 

Nil) 

CLH) 

OH) 

XH ) 

LH) 

CM) 

AH ) 

SH) 

MH) 

DH) 

ACI!) 

SCH) 



(HTFR) 
(HTFK) 

(BFFk) 
(HFFR ) 

(Si iota ) 

(SHOK1 ) 
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( I LLC) 
( ILL 6) 
( ILL 6) 
( ILfcG) 
( ILL 6) 
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( 1LLO) 



UKMUOfl 10 
iJKMOOS + 
OKMOUi i0 
URMUOB .0 
DRMOOi 10 
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OR MO 0§ id 
DRM0 01 10 
.jRMOOl 1.0 
i , K M 1 > 
U KM 01 ^0 
DKI'-iOOl +U 
ORMOUl iO 
DhMOOl ,G 
uRMOOl 7 

drmooi io 

URF'iOOl »U 
URMOOl )U 

ukmooz i o 

UK! .0 02 >0 

uKriOua 'ju 

DRMU02 M) 
URMUU2 i(j 
UKMOOj .0 
URMOOt '0 
OK MO 2 '.() 
DRMOOt 'U 
ORM0 05 10 
DRM0 03 tO 
URM0 03 >0 
URMOOS^O 
DKM0 03 ■♦ 
URMOO.S 'U 
URM005 -,0 
URMOOi r ti 
DRM0 03 <U 
URMUU3 »U 
ORM004 JO 
URM004 • 
URM004 '0 
DKM0 04 SO 
URM0U4 >U 
URM004i0 
DRM 4«-0 
UKM0 04 '0 
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HAGE 



020 


00013 


021 


00003 


022 


00003 


023 


00003 


024 


OOOOC 


025 


OOOOC 


026 


OOOOC 


027 


OOOOC 


028 


OOOOC 


029 


OOOOC 


02A 


OOOOC 


0"'; 


OOOOC 


02C 


OOOOC 


02D 


OOOOC 


02L 


OOOOC 


02F 


OOOOC 


030 


00408 


031 


0004D 


032 


00408 


033 


00^08 


034 


00408 


035 


00408 


036 


00408 


037 


00408 


038 


">0408 


039 


00408 


03A 


00408 


03B 


00408 


03C 


00408 


03D 


00408 


03E 


00408 


03F 


00408 



UC 


•013* 


DC 


•003 f 


DC 


»003* 


DC 


f 003 ? 


DC 


•ooc 


DC 


•ooc* 


DC 


•ooc* 


DC 


»ooc» 


DC 


•ooc 


UC 


•ooc» 


DC 


•ooc 


DC 


»ooc» 


DC 


•ooc« 


UC 


•ooc» 


UC 


•ooc f 


DC 


»ooc» 


DC 


•408» 


DC 


»04D-» 


DC 


•408» 


PC 


•408» 


DC 


»408» 


UC 


•408» 


UC 


•408* 


UC 


»408» 


DC 


*406» 


DC 


•408* 


UC 


'408' 


UC 


•406* 


UC 


•408* 


DC 


•408* 


DC 


•408* 


UC 


»'4 8 * 



4 


STM 


(STM) 


41 


bAL 


( K S ) 


42 


uTC 


(KS) 


43 


LiFC 


(RS) 


44 


f-JM 


(KX) 


4 5 


CLH 


(KX) 


46 


OH 


(MX) 


4 7 


AH 


(KX) 


48 


LH 


(HX) 


49 


CH 


(KX) 


4A 


AH 


(KX) 


4H 


SH 


(KX) 


4C 


MM 


(RX) 


4D 


UH 


(KX) 


4E 


ACH 


(KX) 


4F 


sen 


(RX) 


60 




(ILEG) 


61 


AHM 


(STD) 


b2 




(iLt G) 


63 




(ILEG) 


64 




(ILEG) 


65 




(ILEG) 


66 




(ILEG) 


67 




(ILt G) 


68 




(ILEG) 


69 




(ILf G) 


6A 




(ILEG) 


6B 




(ILEG) 


6C 




(ILEG) 


6D 




(ILEG) 


6f 




(ILEG) 


bF 




(ILEG) 



DRM00490 

UKM00500 

DRMOOblO 

DRM00520 

UKM00530 

UKM00540 

DRPI00550 

URM00560 

URM00570 

ORMQ0580 

DRM00590 

DRM00600 

DR( v i0061(J 

DRM00620 

URM0063U 

DRM00640 

URM00650 

QRM00660 

URM00670 

UKM00680 

DKH00690 

URM00700 

URH0 0710 

URM00720 

UKM00730 

URM00740 

URM0075IJ 

DRM00760 

DRM00770 

URM0078Q 

DRM00790 

URM00800 

DRM00810 
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PAGE 



040 


1TO4BS 


DC 


'405 • 


041 


004CC 


DC 


'4CC 


012 


00451 


DC 


'451' 


043 


~0tJ45A 


DC 


•4"5A* 


044 


00468 


DC 


•468* 


OH 5 


006E2 


DC 


•6E2' 


046 


0O61B 


DC 


/•SIB* 


Ot7 


0061B 


DC 


•61B' 


ota 


00446 


DC 


•446' 


049 


0t*446 


DC 


♦ 446 » 


04A 


00446 


DC 


•446' 


04B 


00446 


DC 


•446' 


04C 


0066F 


DC 


»66F» 


04D 


00446 


DC 


•446' 


04E 


00446 


DC 


♦446' 


OIF 


00444 


DC 


ttV44* 


050 


00490 DC 


»49Q» 


051 


00490 


DC 


•490* 


052 


0004D 


DC 


'040' 


053 


0004D 


DC 


•040' 


054 


00040 


DC 


•040' 


055 


00003 


DC 


»003» 


056 


00228 


DC 


•228' 


057 


00228 


DC 


•228* 


058 


0004B 


DC 


»04B« 


059 


0004B 


DC 


•04B' 


05A 


0004B 


DC 


♦ff4B* 


05B 


0004B 


DC 


•04B» 


05C 


OOOOC 


DC 


•O0C» 


ff5D 


00F4B 


DC 


'04B* 


05E 


0004B 


DC 


»04B» 


ObF 


00049 


DC 


'049' 



90 SRLS 

91 SLLS 

92 STBR 

93 LBR , 

94 LXBR 

95 LPSR 

96 WRR 

97 RBR 

98 MM 

99 RHR 
9A WDR 
9B RDR 
9C IWUR 
9D SSR 
9E OCR 
9F AIR 

UO STM 
Dl LI*! 
02 STB 
D3 LB 

04 CLB 

05 AL 

06 WB 

07 KB 

08 WH 

09 RH 
DA WD 
DB RD 
PC fiHU 
DD SS 
DE UC 
OF AI 



tSRLS ) 

(SLLS) 

(STHR) 

(LBR) 

(LXUR) 

(LPSR) 

(KWBRR) 

(RWBRR) 

(HR 10) 

(KRIO) 

(KRIO) 

(KRIO) 

(WfU) 

(KRIO) 

(KRIO) 

(AIR) 

(STflLM) 

(STNLM) 

(STB) 

(STB) 

tSTB) 

(RS) 

(RWBRX) 

(RWHRX) 

(RXIO) 

(RXIO) 

tRXIOj 

(RXIO) 

(RX) 

(RXIO) 

(RXIO) 

(AI) 



ORnooa.»o 
DRMooa* o 

ORMOOflK 
DRWOO® 
DRFIOOSf 
ORMOOSi 
DRPI008«'0 
OR MO 091 U 
URWOO^ 
DRM009S 
DRM009f 
DRM009*.-0 
DRriO09*O 
ORM0 09if 
DRM00910 
DRM009S0 
DRM00950 
DRM010C0 

ORFIOlOtQ 
DKMOlOgQ 
DRFI0103J 
ORM01040 
DRM01050 
DRMOlOfe J 
ORM010TJ 
DRMOlOa 1 
DRM0109 ) 
DRMDlli ) 
ORM0111 j 
DRM0112 J 
DRM0113 i 
ORM0114 i 
ORM0115 I 
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060 


0002A 


061 


0002A 


062 


00003 


063 


00003 


064 


00003 


065 


00003 


066 


00003 


067 


3 


068 


00003 


069 


00003 


06A 


00 03 


06B 


00003 


06C 


000B1 


06D 


000C8 


06E 


000B1 


06F 


000C6 


070 


00408 


071 


00490 


072 


00003 


073 


00408 


071 


00408 


075 


00408 


076 


00408 


077 


00408 


078 


00408 


079 


00408 


07A 


000F3 


07B 


000F3 


07C 


OOOEO 


07D 


OOOEA 


07E 


OOOEO 


07F 


000F3 



UC 


»02A» 


DC 


'02A* 


DC 


»003» 


DC 


'003* 


DC 


'003' 


DC 


»003» 


DC 


'003» 


DC 


'003» 


DC 


»003» 


DC 


'003» 


DC 


'003' 


DC 


»003» 


DC 


»0Bl f 


DC 


'0C8' 


DC 


'OBI' 


DC 


f 0C6* 


DC 


'408* 


DC 


'190* 


DC 


003 • 


DC < 


408» 


DC ' 


4oa» 


DC « 


408» 


DC « 


408» 


DC « 


408* 


DC ' 


408* 


DC ' 


408» 


DC ' 


0F3 f 


DC ' 


0F3» 


DC ' 


0E0» 


DC ' 


O'EA* 


DC ' 


0E0» 


DC « 


0F3* 



CO 


!5XH 


(BXLH) 


CI 


oXLE 


(BXLH) 


C2 


LPStJ 


(RS) 


C3 


TBI 


(RS) 


C4 


IMHI 


(RS) 


C5 


CLHI 


(RS) 


C6 


OHI 


(RS) 


C7 


XHI 


(RS) 


C8 


LB 


(RS) 


C9 


CHI 


(RS) 


CA 


AH I 


(RS) 


CB 


bHI 


(RS) 


CC 


SRHL 


(SRH) 


CD 


SLHL 


(SLH) 


CE 


SRHS 


(SRH) 


CF 


bLHA 


(SLHA) 


to 




(ILEG) 


El 


SVC 


(STMLM) 


E2 


SIM 


(RS) 


L3 




(ILLG) 


E4 




(ILLG) 


E5 




(ILEG) 


E6 




( ILEG) 


E7 




(ILEG) 


t.8 




( ILLG) 


L9 




(ILt G) 


EA 


RRL 


(RLR) 


EB 


KLL 


(RLR) 


EC 


SRL 


(SR) 


ED 


5LL 


(SL) 


EE 


SRA 


(SR) 


EF 


SLA 


(RLR) 



URMO 
OR MO 
DRMO 
DRMO 
OR MO 
URMO 
URMO 
OR MO 
DRMO 
DRMO 
OH MO 
DRMO 
DRMO 
URMO 
DRMO 
DRMO 
URMO 
DRMO 
URMO 
DRMO 
DRMO 
DRMO 
DRMO 
DRMO 
DRMO 
URMO 
URMO 
DRMO 
URMO 
DRMO 
DRMO 
DRMO 
DRMU 



1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 

125 

126 

127 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 



080 


00000 


081 


00000 


082 


00000 


083 


00000 


084 


00000 


085 


00000 


086 


ooooo 


087 


00000 


08P 


ooooo 


089 


ooooo 


08A 


ooooo 


08B 


ooooo 


08C 


ooooo 


08D 


ooooo 


08E 


ooooo 


08F 


ooooo 


090 


000AA 


091 


OOOAB 


092 


OOOAA 


093 


OOOAB 


09H 


000 IE 


095 


OCwi^ 


096 


00027 


097 


00029 


098 


OOOOO 


099 


ooooo 


09A 


ooooo 


09B 


ooooo 


09C 


ooooo 


09D 


ooooo 


09E 


ooooo 


09F 


ooooo 
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* URMOlilO 

* LOCATIONS 80 THRU FF COMPRISE DROM 2 L)RM01i20 

* DRM0Io30 

ORP101 )4 
URM01i5U 
URMOlifeO 
ORMOl :>70 
URMOIjBO 
ORMOl 590 
URMOi ,0 
DRM01 ,10 
URM01 ,2 
DRMOl ,30 
URM01 ,40 
DRM01 ,50 
URM01 ,60 
DRMOl ,70 
DRM0l,8 
ORMOl ,90 
DRM01 fOO 
DRM01/10 
URMOl/20 
DRM0if30 
URMOl ^0 
ORM01 ?50 
ORROl ?60 
DRP101 '70 
OR(°l0l^80 
DRW0ir90 
DRM01 iOO 
DRFI01 110 
URM01 J20 
DRM01 430 
ORflOl i40 
ORM01 550 
URM01 »60 



dc 





DC 





UC 





UC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 





DC 


•0AA» 


DC 


•OAB* 


DC 


»OAA» 


DC 


»OAB» 


DC 


•01E* 


DC 


•OlF f 


UC 


•027* 


DC 


»029» 


DC 





DC 





DC 


" 


UC 





DC 


0' 


DC 





DC 





DC 






00 






01 


UALR 




02 


BTCR 




03 


BFCR 




0*+ 


NHR 




05 


CLHR 




06 


OHR 




07 


XHR 




08 


LHR 




09 


CHR 




OA 


AHR 




OB 


SHR 




OC 


MHR 




OD 


UHR 




OE 


ACHR 




OF 


SCHR 




20 


bTBS 


(BKWD) 


21 


DTPS 


(t-RWD) 


22 


BFBS 


(BKWD) 


23 


BFFS 


(PRWD) 


2H 


LIS 


(LH) 


25 


LCS 


(LCS) 


26 


AIS 


(AH) 


27 


SIS 


(5H) 


28 






29 






2A 






2B 






2C 






20 






2E 






2F 









IBTFKUArA ,'i()bM. f/lb 


UKOr'l W 


DAO 


nonib 


L)L 


'01ft* 


OAl 


U 3 B 


UL 


• *>B » 


OA2 


0003F 


DC 


'0 31 ' 


OA3 


oonm 


uc 


f <+ 1 * 


OA4 


ooum 


UL 


' 1 B • 


OAb 


00023 


DC 


•023' 


OAb 


0001C 


UL 


•OIL* 


A 7 


00010 


UL 


• 1 D ' 


OAft 


00O1E 


UL 


•OIL • 


OA9 


00020 


UC. 


•020' 


OAA 


00027 


UL 


•027' 


OAB 


00029 


UL 


•029» 


OAC 


00250 


UL 


•250' 


OAD 


00274 


UL 


•274» 


OAE 


0002b 


UL 


•U2b» 


OAF 


00028 


UL 


•028 t 


OHO 


* 
00000 


UL 


f) 


nni 


00218 


UL 


•210' 


OH? 


00000 


UL 


,-, 


0U3 


00000 


UL 


[' 


0E1*+ 


00000 


UC 





OB5 


00000 


UL 


U 


OB6 


00000 


UL 


c 


Ot37 


00000 


UL 


n 


0B8 


ooooo 


DC 





0H9 


00000 


UL 





(DBA 


ooooo 


UL 





OBB 


ooooo 


UC 





ORC 


ooooo 


UC 





OBD 


ooooo 


UL 


n • 


OBL 


ooooo 


UL 





OBF 


ooooo 


UL 


' 



I F H KB Y « L I V U 5 - 4 'if u 2 A 1 3 



BaGF 



in 


STU 


(STUD 


41 


< Al. 


(BAI ) 


H? 


me: 


(urc ) 


43 


oFC 


(BFC) 


44 


Nil 


<UB) 


45 


CLB 


(LL.U) 


16 


UH 


(OBV 


47 


XH 


(XH) 


MA 


LB 


(LB) 


49 


LB 


( C H ) 


HA 


AB 


( AB) 


4B 


SB 


(SB) 


<+C 


MB 


(TIB) 


MO 


UH 


(UH) 


4F_ 


A C i 1 


( ALB ) 


<+F 


SCB 


(STB) 


bO 






bl 


AMP-: 


(A HPT) 


b2 






b3 






64 






65 






66 






67 






6 8 






69 






6A 






hf.i 






6C 






60 






bf- 






6F 







UK MO 180 

UKM01690 

URM01900 

DRM01910 

URCI01920 

ORM01930 

UKP101940 

UR MO 195 

UR MO I96 

URM01970 

DRMU198 

UR( U 101990 

ORM020 

UKM02010 

URM02020 

URM02030 

URM02040 

ORM02050 

URM02060 

URH0207Q 

URMQ208U 

URM02090 

UKPI0210U 

URM02110 

URM02120 

URB02130 

URM0214D 

URH02150 

URM02160 

0RMU217U 

URM02180 

URM02190 

URM02200 



A 1 A ':'■ 1 1 !- L 



-co 


(l i > ■*, 


■f.l 


()!')(M)i 


UC2 


o o (i i a 


0C3 


n o o 1 8 


ncq 


O 1 >1 


OCb 


O O 1 C 8 


OC fi- 


no 232 


ne 7 


00241 


oca 


A l) 


nc9 


A A 


oca 


000F9 


ncH 


OOOf 


ore 


oouoo 


o c n 


0007? 


n c i 


79 


n c f- 


00072 


n : j o 


090 


oni 


onoAi 


OH? 


57 


n i;i .^ 


0005C 


Oliu 


OOOfcl 


nob 


0007C 


nn6 


023?. 


nn7 


002H1 


o n h 


A 8 


nn9 


A 1 2 


no a 


00069 


nrm 


06E 


a nc 


0026F 


nnn 


00075 


ODL 


0179 


ODF 


00U75 



f/lb D! 


<0("1 WITH hRYtUlV b-049F 02 A 13 


R A 6 h 


DC. 


OH A' 


90 


SRLS 


(SKUL ) 


l)L 


0D1' 


91 


SLLS 


<SLHl L ) 


l)L 


U 1 8 ' 


9? 


STRR 


( IJOCCC ) 


DC < 


018" 


9 3 


LhK 


(NOCCC ) 


DC < 


018 • 


9 7 


L X R K 


(NOCCC ) 


DC 


1C8' 


9 5 


LPSR 


(TRST1 ) 


DC 


232' 


96 


WIJR 


( Wt" ) 


DC 


241' 


97 


RRK 


(RIM 


DC 


AGO' 


98 


WRF 


{ WHR )0K ( WHRH) 


DC 


AOA» 


99 


KHK 


(KHK )0K (KHRli) 


DC 


Ob9' 


9 A 


wOR 


( WO ) 


DC 


6C 


9P 


RDM. 


(ROR ) 


DC f 




9C 


MHUR 




DC 


72 • 


9D 


SSR 


(SSR> 


DC- 


'079' 


9E 


OCR 


( DC ) 


DC 


'072» 


• 9F 


A I R 


(SSK ) 


DC 


»09D' 


CO 


&T>. 


(STfO 


DC 


' A 1 • 


Dl 


LM 


(U") 


DC 


057' 


D2 


STR 


(sum > 


D C 


5C 


D3 


LB 


(LR) 


DC 


»081» 


D4 


etc 


(CLIO 


DC 


07C 


Db 


AL. 


(AL) 


D C 


'232' 


1)6 


wb 


( WK ) 


DC 


'241' 


D7 


KR 


(KB) 


DC 


AOH* 


U8 


wH 


( WH)UR U.-HH) 


DC 


Al2' 


[J 9 


KM 


(KH)OR (RHH ) 


DC 


'069' 


DA 


wD 


(WD) 


DC 


'Q6E» 


DB 


RD 


(KD) 


DC 


'26F» 


DC 


l*iHU 


( riHU > 


DC 


•075 f 


DD 


SS 


(SS) 


DC 


•079' 


DL 


DC 


(OC ) 


DC 


••07?) » 


DF 


A I 


(SS) 



!)|^:(V?f :.l 
DR. '-.0 22? .) 
CRi v i022t, J 
UfU'i022f a 
ORM022* u 
DRP1022?u 
DR,"10 2 2r 'J 
DR>l0221*i) 
, JR. ^1 2 31 J 
RRi"i0 2 33 .) 
DRP-'iO^f J 
DRi"i023f U 
RR["i023» U 
DRM02 3* U 
DRM0231 
DR h "U2 3? ') 
wR" 025J- 
URM)2 3* U 

DRro24r;j 

RRi"!0 2 41 J 
DRI l i0 24r -> 
UK !"!()? «+f 

jR^Uiite .'j 

DRtf0 24£ i) 
URtf024l ;j 

DRMO^H^ J 
UR( v 102*+f : 
DR!""i0 2U K 
DRM025I 
L)KW02b3 U 
DKn0 2bf o 
RRMU25? '1 
DRH0 25*' I) 
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OEO 


00033 


DC 


•033» 


0E1 


00036 


UC 


f 03b' 


0E2 


001B6 


DC 


»1B6» 


0E3 


0020D 


DC 


*20D» 


0E<+ 


0001B 


DC 


»01B» 


0E5 


00023 


DC 


•023' 


0E6 


0001C 


UC 


»01C» 


0E7 


0001D 


DC 


*01U» 


OE8 


0001E 


DC 


•01E f 


OE9 


00020 


DC 


•020* 


OEA 


00027 


DC 


»027» 


OEB 


029 


DC 


»029» 


DEC 


ODOBA 


DC 


•DBA' 


OED 


000D1 


DC 


»0D1» 


OEE 


OOOBE 


DC 


»0BE f 


OEF 


00OD9 


DC 


»0D9» 


OFO 


00000 


DC 





OF1 


002E6 


OC 


»2E6» 


0F2 


OOlFf 


DC 


•lF«+» 


0F3 


00000 


DC 





OF 1 * 


00000 


DC 





0F5 


00000 


DC 





OF6 


00000 


DC 





OF7 


00000 


DC 





OF8 


00000 


DC 





OF9 


ooooo 


DC 





OF A 


002O3 


DC 


»2D3» 


OFB 


002DB 


DC 


•2DB» 


OFC 


002AE 


DC 


»2AE» 


OFD 


002BD 


DC 


»2BD» 


OFE 


002B3 


DC 


»2B3» 


OFF 


002C8 


DC 


•2C8» 




TRTERDATA MODEL 


7/16 


DROh WITH 



CO 


HXH 


(BXH) 


CI 


bXLE 


(BXLE) 


C2 


LPSW 


(LPSW) 


C3 


THI 


(THI) 


C4 


NHI 


( NH ) 


C5 


CLHI 


(CLH) 


C6 


OHI 


(OH) 


C7 


XHI 


(XH) 


C8 


LHI 


(LH) 


C9 


CHI 


(CH) 


CA 


AHI 


(AH) 


CE^ 


SHI 


(SH) 


CC 


SRHL 


(SRHL) 


CD 


bLHL 


(SLHLL) 


CE 


SKHA 


(SRHA) 


CF 


SLHA 


(SLHAL) 


EO 






El 


SVC 


(SVC) 


E2 


SI NT 


(SINT) 


E3 






m 






E5 






E6 






E7 






E8 






E9 






EA 


RRL 


(RRLL) 
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M71-102 

HEXADECIMAL DISPLAY 

INFORMATION SPECIFICATION 



1. INTRODUCTION 

The optional Hexadecimal Display Panel provides a means to manually control the Processor, interrogate and display 
various Processor registers and machine status, set and display Processor memory locations, and may be programmed 
as an I/O device by the user. 

This specification describes the 09-065F02 Hexadecimal Display Panel (Product Number M71-102). It is also applicable 
to the 09-065F01 Binary Display Panel (Product Number M71-101), which is identical to the Hexadecimal Display Panel 
except for the omission of the hexadecimal indicators. The Hexadecimal Display Panel provides the following functions: 

Displays five bytes of programmable digital information. 

Registers and displays five hexadecimal digits of manually entered keyboard data. 

Displays the WAIT and Power (PWR) indicators for the Processor. 

Provides a 26 key control keyboard for manual input to the display. 

Provides two bytes of unbuffered Switch Register data to the Processor. 

Provides one byte of status to the Processor. 

Provides a three position OFF-ON-LOCK key type switch capable of switching three separate power supply con- 
trol lines. 

Provides a control signal to the Processor that the display requires micro-program support. 



2. GENERAL DESCRIPTION 

A complete description of the operation of the Hexadecimal Display Panel is provided in the appropriate User's Manual. 
This specification describes the display from a maintenance view point. Figure 1 shows the Hexadecimal Display Panel. 
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Figure 1. Hexadecimal Display Panel 
Various parts of the Hexadecimal Display Panel in Figure 1 are numbered to correlate to the following descriptions. 

1. Control Keyboard. The keyboard is the operators manual input to the Processor. The function of the specific 

The function of the Data (DTA) key is to clear the Switch Register, connect the Switch Register to 
the display indicators, and enable hexadecimal data to be entered into the register. The Switch Re- 
gister remains enabled and connected to the display indicators until any non-hexadecimal key other 
than DTA is depressed. 

Hexadecimal Keys 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, and F supply data to the Switch Re- 
gister when it is enabled, and the function number or register number for the Processor supported 
display (see Section 2. 2). 

The Address (ADD) key causes the Processor to read the five hexadecimal characters of the Switch 
Register, store them in the address portion of the Program Status Word (PSW), and display PSW 
32:63 on the indicators. 

The Read (RD) key causes the Processor to read the memory location specified by the PSW, incre- 
ment the PSW address by two, and display on the indicators the new address and the data read 
from memory. 

Depressing the Write (WRT) key causes the data contained in the Switch Register to be written into 
the address specified by the PSW, the PSW to be incremented by two, and the new address and the 
data written to be displayed on the indicators. 

Depressing the Floating-Point Register (FLT) key, followed by any hexadecimal key n, causes 
Floating-Point Register n to be displayed on the indicators. 

Depressing the Register (REG) key, followed by any hexadecimal key n, causes general register n to 
be displayed. 

Depressing the Function (FN) key, followed by any hexadecimal key n, causes the Processor to per- 
form "Function n" as described in the appropriate User's Manual. 

Depressing the Single Step (SGL) key causes the Processor to execute one user instruction and dis- 
play the last register or function selected. 

Depressing the Run (RUN) key causes the Processor to enter the Run mode at the address specified 
by the PSW. 

Depressing the Initialize (INI) key initializes the Processor. 

NOTE 

The display requires support from the micro-program for all 
functions other than entering or displaying Switch Register data. 
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2. OFF-ON-LOCK Key Operated Locking Switch. This switch controls the power to the Processor and allows 
the keyboard to be completely disabled in the LOCK position. 

3. Indicator Formats. These formats aid the user in interpreting the display indicators. 

4. Format Selectors L0;4. Light Emitting Diode (LED) indicators L0:4 determine the format to be used to inter- 
pret display indicators L5:40. 

5. Display Indicators L5;40. These LED indicators are used to display the PSW, general registers, etc. , as 
described by the indicator formats. 

6. Display Indicators 11:9. These indicators display the corresponding values displayed on L5:40 in the hexa- 
decimal format. 

7. WAIT and PWR. These indicators are illuminated when Processor is in the Wait state and Power is supplied 
to the Processor. 

2. 1 Switch Register Entries 

When the operator is manipulating the Switch Register, there is no interaction between the display and the Processor. 
Data is entered into this register by first depressing the DTA key. This operation clears the Switch Register; connects 
the Switch Register to L5:24 of the display, and allows subsequent hexadecimal keyboard entries to be left shifted into 
the least significant digit of the resigter. The register is disconnected from the display and disabled when any non- 
hexadecimal key other than DTA is depressed. The register can be momentarily examined when it is disabled without 
affecting the Processor operation by depressing any hexadecimal key. 

2. 2 Processor Intervention 

Depressing the following single keys causes the signals ESNCO and ESNOO to be complimentarily pulsed (ESNCO is a 
positive going pulse): 

ADD 

RD 

WRT 

SGL 

RUN 

Depressing one of the following sequences of two keys causes a similar action: 

FLT n (n is any hexadecimal digit) 
REG n 

FNn. . - 

3. FUNCTIONAL DIAGRAM ANALYSIS AND CIRCUIT DESCRIPTION 

Refer to Figure 2. Hexadecimal Display Panel Block Diagram and Functional Schematic 09-065D08. 

3. 1 OFF-ON-LOCK Switch 

This switch (2K1) controls power to the Processor by completing the circuit between CONT2 and CONT1 in the ON and 
LOCK positions. The switch is factory wired to provide one set of closures, but two additional sets are available for 
switching power supplies connected to different phased AC power. This switch also provides a hard ground to the Pro- 
cessor as POFFO in the OFF position which may be used as an early power down indication. When the switch is in the 
ON position, LP5 (2L1) is provided to the keyboard to enable the sensing of these switch closures. 

3.2 Keyboard 

The keyboard (Sheet 2) has a 5 x 5 switch array which is used to enter information to the Hexadecimal Display Panel logic, 
plus an Initialize (INI) key used to transmit this condition to the Processor (2G1). The keyboard is a self-contained unit 
and connects to the 35-520 logic board by 27 stakes 00-1 through 26-1. These normally open switches are encoded by 
diode logic (Sheet 2) to form HEX01:31 (2B8) and FUN00:30 (2C8), plus a few additional control signals mentioned later 
in this description. The switches are designed to be high active when a switch is depressed by biasing all receiving 
gates low with a 220 ohm input resistor. A switch being depressed causes an input gate to go high by supplying LP5 
through a current limiting resistor from the common input, Pin 0, if the OFF-ON-LOCK switch is in the ON position. 
There is no keyboard rollover protection and if more than one key is simultaneously depressed, the result is unspecified. 



V 



V 



v v v 



L0:4 



11:5 

IT" 



16:9 



L5:24 



L25:40 



MULTIPLEXOR 



r~rr 



DISPLAY 

MODE 
REGISTER 
~T T" 



DISPLAY 
REGISTER 



:^3 



TO PROCESSOR 



LOAD DISPLAY 

SHIFT REGISTER 

AND LOGIC 



DISPLAY 
REGISTER 



DISSW1 



V V V 



KEYBOARD 
AND LOGIC 



SRCLK 



ON/OFF 
SWITCH 



V 



L41 



FUN(0:3) 



FHGX(0:3) 



CLOCK 

GENERATION 

LOGIC 



FTYPCL 



FHEXCL 



SWITCH 
REGISTER 



VJ W 



STATUS 
REGISTER 
LOW HALF 



SRAG 



LOGIC 



/\ 



SRFG 



STATUS 
REGISTER 
HIGH HALF 



w 



w 



D01:71 



BIDIRECTIONAL DATA LINES 



Figure 2. Hexadecimal Display Panel Block Diagram 

3. 3 Matrix Encoding 

The diode matrix is encoded to drive signals HEX01.-31 to the hexadecimal equivalent of the respective key 0:F (HEX31 is 
the LSB) when it is depressed. Depressing any function key other than DTA causes FUN00:30 to yield the codes specified 
by Table 1. 

TABLE 1. FUNCTION KEY ENCODING (FUN00:30) 



Key Depressed 


FUNOO 


FUN10 


FUN20 


FUN30 


SGL 





1 


1 


1 


RUN 


1 


1 


1 


1 


WRT 


1 


1 





1 


RD 


1 





1 


1 


ADD 


1 








1 


REG 





1 


1 





FLT 





1 








FN 





1 


1 


1 



3.4 Clocking 

Depressing any keyboard key other than DTA or INI generates one of three types of clocks used by the Hexadecimal Dis- 
play Panel logic. This is accomplished by a positive transition of signal KEY1 (2F8) whenever one of these keys is de- 
pressed. The one shot triggered by this transition (2G8) is used to allow a one to two millisecond interval for switch 
bounce to subside before triggering the second one shot STRB1 (2K8) which is used to generate one of the three clocks. 
Since contact bounce is likely to retrigger these one shots when a key is released, the occurrence of signal KEY1 (any 
key depressed), HKEY1 (2F9 a hexadecimal key depressed), or FKEY1 (2H7 a function key depressed) being true in coin- 
cedence with the one shot is used to derive the clocks. 



3. 5 Switch Register Clocks 

The Switch Register is enabled for clocking by depressing the DTA key. This is accomplished by direct clearing the 
Switch Register Enable flip-flop (SRENB) (2L6) when DTA is depressed and ANDing the zero output of the flip-flop plus 
HKEY1 and STRB1 to drive the Switch Register Clock (SRCLKO) (2M7). This clock is disabled by setting SRENB with 
the occurrence of FKEY1 when any function key is depressed. 

3. 6 Status Register Clocks 

Two different clocks are used to load the status register. FTYPCLO (2M8) is generated whenever any function key other 
than DTA is depressed and is used to load FUN00:30 into one half of the status register. The second clock FHEXCLO 
(2N8) is generated whenever a hexadecimal key is depressed if the previously depressed key was FN, REG, or FLT. 
In this case, the hexadecimal input would be the register number or function number desired and FHEXCLO is used to 
clock HEX01:31 into the second half of the status register. 

3. 7 Processor Intervention 

The logic of the display signals the Processor that a response is necessary to a console function by signal ESNCO (2R7) 
and its compliment ESNOO (2R7). These signals are complimentarily pulsed whenever a function key other than DTA, 
FN, REG, or FLT is depressed, or whenever a hexadecimal key is depressed following FN, REG, or FLT (the occurr- 
ence of FHEXCLO). 

3.8 Switch Register Loading 

The Switch Register (4B1, 4D1, 4G1, 4J1, and 4M1) is loaded with a hexadecimal character with the occurrence of each 
SRCLKO as mentioned previously. Data is entered into the least significant character (4B1) from the switches (HEX01: 
31) and left shifted through the register with each clock. The register is cleared whenever the DTA key is depressed. 

3. 9 Status Register 

The status register is loaded in two parts as described previously. One half is loaded from FUN00:30 when a Function 
(FN) key is depressed by the occurrence of FTYPCLO. The least significant bit of this register is re-circulated on SGL 
or RUN and the second LSB is re-circulated on SSL to conform to the status codes indicated in Table 2. The second 
half of the register is loaded from HE^01:31 with the occurrence of FHEXCLO. These registers are initialized by SCLRO 
from the Processor. 

TABLE 2. STATUS CODES 



KEY 


DL1 


DL2 


DL3 


DL4 


DL5 


DL6 


DL7 


DLO 


SGL 


1 


U 


X 


X 


X 


X 


X 


X 


INITIALIZE 


U 


u 


u 


u 


u 


U 


o 


u 


RUN 











X 


X 


X 


X 


X 


WRT 








1 


u ■ 


u 


u 


u 


u 


RD 





1 





u 


.u 


u 


u 


u 


ADR 





1 


1 


u 


Al 


H 


A 3 


A 4 


REG n 


1 








1 


n l 


n 2 


n 3 


n 4 


FLT n 


1 





1 


1 


n l 


n 2 


n 3 


n 4 


FN n 


1 











n l 


n 2 


n 3 


n 4 



A = Most significant hexadecimal digit of Switch Register 

U = Unspecified 

X = Unchanged 

n = Hexadecimal digit associated with function (see Section 6) 



The display status is presented to the Processor on the data lines (DL01:71) for the duration of time that control signal 
SRGO is at a logical zero level. The data presented for status is in accordance with Table 2. 



3. 10 Display Register Loading 

The Hexadecimal Display Panel registers and displays five bytes of data transmitted from the Processor. Two control 
signals are transmitted from the Processor to direct the loading of these registers. LAO (2K5) is a low active pulse 
which signifies that data is available on bi-directional Data Lines D01:71 and it is to be loaded into the least significant 
byte of the display register. LAO is used to initialize a four bit shift register (2M4) to 1000 2 which is used to load 
subsequent bytes, and generate a load pulse LAI which is used to load the data into the LSB of the display register (2B6 
and 3E6). Four subsequent LBO pulses sent from the Processor gates data from D01:71 into successive bytes of the 
display register (3G6 and 3J6, 4C5 and 4E5, 4G5 and 4K5, 4N5 and 3N2). This is accomplished as each LBO pulse is 
inverted and gated as LDB1, LDC1, LDD1 and LDE1 (2N4) respectively as controlled by the sequencing shift register 
(2M4) which is right shifted with each LBO pulse. 

3. 11 Display Indicators 

The two least significant bytes of the display register are gated directly to LEDs L25:40 and the hexadecimal indicators 
16:9 (Sheet 3). LEDs L5:24 and hexadecimal indicators 11:5 are used to display either the most significant bytes of 
the display registers or the Switch Register. These sets of registers are selected through the 2:1 multiplexors (4C6, 
4E6, 4H6, 4K6 and 4N6) as determined by the state of the DISSW1 (2N6). DISSW1 is high whenever the Switch Register 
is enabled (SRENB1) or a hexadecimal key is depressed (HKEY1). 

3. 12 Processor Inputs 

Data is gated to the Processor in response to control signals SHIO, SLO0 or SRGO. SLO0 gates the two least significant 
digits of the Switch Register onto the bi-directional Data Lines D01:71 (4C3 and 4C4). SHIO gates the next two Switch 
Register digits onto the bi-directional Data Lines D0:L:71 (4H3 and 4K3). SRGO causes the status register bits to be 
gated (3D4) as per Table 2. Note that either the most significant Switch Register character is gated (4N3) if DL11 is low 
or the hexadecimal portion of the status register if DL11 is high (3114). 

4. PROCESSOR INTERFACING 



4. 1 Processor Connector 
Signals from the display are terminated at a 26-080F06 type connector per the following list: 



SIGNAL 


PIN 


SIGNAL 


D01 


109 


LAO 


Dll 


no. 


LBO 


D21 


111 


SHIO 


D31 


112 


SLO0 


D41 


202 


WAIT1 


D51 


204 


SRGO 


D61 


205 


ESNC0 


D71 


208 


ESNO0 


POFF0 


105 


INIT0 


CONT1 


DB1-C1 


SSGL1 


CONT2 


DB1-C2 


GND 


CONT3 


213 


GND 


SCLRO 


107 


GND 
GND 



PIN 



203 

114 

200 

206 

102 

113 

103 

104 

101 

106 

100-3 

108 

212 twisted with 114 

201 twisted with 203 



4.2 Timing 

DATA VALID ON (D 01:71) ^ 



DATA VALID 



V//////////S, 



LAO OR LBO 



SLO0 OR SHIO OR SRGO 



U— a -»* b ► *- c -*\ 



-d-*| 
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SSGL1 



t^ 



h- 



a. 50ns min. 

b. 100ns min. 

c. 50ns min. 

d. 50ns max. 

e. 0ns min. 

f. 500ns+10% 

g. 25ns 
h. 100ns 
j. 100ns 



Figure 3. Hexadecimal Display Panel Timing 



5. INSTALLATION PROCEDURE 

The Hexadecimal Display Panel is connected to the Processor via a 17-305 cable. The 26-080F06 30-pin connector of 
the Hexadecimal Display Panel plugs into the mating connector as shown in Figure 4. 

CNTL1, CNTL2, P5, GND, LGND, +L jumpers go to corresponding lugs on the Processor chassis display terminal 
strip as shown in Figure 4. 

6. POWER 

The Hexadecimal Display Panel draws its power from the P5 and +L lugs on the Processor chassis display terminal 
strip. See Figure 4. 
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Figure 4. Typical Hexadecimal Display Installation 



7. MNEMONICS 



The following list provides a brief description of each mnemonic found in the Hexadecimal Display Panel. The source 
of each signal on Functional Schematic 09-065D08 is also provided. 



MNEMONIC 

CONT1 

CONT2 

DISSW1 

ESNCO 

ESNOO 

FTYPCLO 

FHEXCLO 

FUN00:30 

HEX01:31 

INITO 

LAO 

LBO 



LDB1 
LDC1 
LDD1 

LDE1 



POFFO 

SCLRO 

SDAO 

SHIO 

SLOO 

SOEO 

SRAG1 

SRCLKO 

SRFG1 

SRG1 

SSL1 

WAIT1 



MEANING 

12 VAC to turn on power supply 

12 VAC to turn off power supply 

Controls Display Multiplexors for L5:24 

Execute switch normally open 

Execute switch normally closed 

Function type status register clock 

Hexadecimal type status register clock 

Encoded functional keys 

Encoded hexadecimal keys 

Initialize Processor 

Low active signal from Processor which initializes the loading 
sequence and loads the least significant byte of the Hexadecimal 
Display Panel 

Low active signal from Processor used to control loading of dis- 
play registers by generating LDB1, LDC1, LDD1, LDE1 



SCHEMATIC LOCATION 
2L1 

2M1 

2R6 

2R7 

2R7 

2N7 

2N8 

Sheet 2 

Sheet 2 

2H2 

2K5 

2L5 



Load display registers 

Loads display mode register and most significant hexadecimal 
digit of the display 

Early power OFF failure 

System Clear, initialize status registers 

DTA key depressed 

Switch Register high half gate command ' 

Switch Register low half gate command 

SGL or RUN keys depressed 

Switch Register most significant hexadecimal digit gate command 

Switch Register clock 

Status Register Function high half gate command 

Status Register low half gate command 

SGL key depressed 

Wait light control 



2R3 
2R4 
2R4 

2R4 



2K1 

3J1 

2J2 

2M2 

2L3 

2K2 

2R2 

2M7 

2R2 

2M2 

2J6 

2M6 
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